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1.0  Introduction  -  This  report  documents  the  results  of  a  Federal  Avia¬ 


tion  Administration  (FAA)  noise  measurement/ flight  test  program  involving 
the  Boeing  Vertol  234/CH-47D  helicopter.  The  report  contains  documentary 
sections  describing  the  acoustical  characteristics  of  the  subject 
helicopter  and  provides  analyses  and  discussions  addressing  topics  ranging 
from  acoustical  propagation  to  environmental  impact  of  helicopter  noise. 

This  report  is  the  seventh  in  a  series  of  seven  documenting  the  FAA 
helicopter  noise  measurement  program  conducted  at  Dulles  International 
Airport  during  the  summer  of  1983. 

The  CH-47D  test  program  was  conducted  by  the  FAA  in  cooperation  with 
Boeing  Vertol  and  a  number  of  supporting  Federal  agencies.  The  rigorously 
controlled  tests  involved  the  acquisition  of  detailed  acoustical,  position 
and  meteorological  data. 

This  test  program  was  designed  to  address  a  series  of  objectives 
including:  1)  acquisition  of  acoustical  data  for  use  in  heliport  environ¬ 

mental  impact  analyses,  2)  documentation  of  directivity  characteristics 
for  static  operation  of  helicopters,  (3)  establishment  of  ground-to-ground 
and  air-to-ground  acoustical  propagation  relationships  for  helicopters, 

4)  determination  of  noise  event  duration  influences  on  energy  dose 
acoustical  metrics,  5)  examination  of  the  differences  between  noise 
measured  by  a  surface  mounted  microphone  and  a  microphone  mounted  at  a 
height  of  four  feet  (1.2  meters),  and  6)  documentation  of  noise  levels 
acquired  using  international  helicopter  noise  certification  test 
procedures. 
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The  helicopter  is  a  complex  aircraft  which  generates  noise  from  many 
different  sources.  Figure  1.1  provides  a  diagram  identifying  some  of 
these  sources.  Two  other  noise  generating  mechanisms  (both  producing 
impulsive  noise)  are  blade  vortex  interaction  (see  Figure  9.12)  and  high 
advancing  tip  Mach  Numbers.  These  figures  are  provided  for  the  reader's 
reference,  since  this  report  deals  with  the  helicopter's  noise  in  general. 

The  appendices  to  this  document  provide  a  reference  set  of  acoustical  data 
for  the  Hughes  helicopter  operating  in  a  variety  of  typical  flight 
regimes.  The  first  seven  chapters  contain  the  introduction  and  descrip¬ 
tion  of  the  helicopter,  test  procedures  and  test  equipment.  Chapter  8 
describes  analyses  of  flight  trajectories  and  meteorological  data  and  is 
documentary  in  nature.  Chapter  9  delves  into  the  areas  of  acoustical 
propagation,  helicopter  directivity  for  static  operations,  and  variability 
in  measured  acoustical  data  over  various  propagation  surfaces.  The 
analyses  of  Chapter  9  in  some  cases  succeed  in  establishing  relationships 
characterizing  the  acoustic  nature  of  the  subject  helicopter,  while  in 
other  instances  the  results  are  too  variant  and  anomalous  to  draw  any  firm 
conclusions.  In  any  event,  all  of  the  analyses  provide  useful  insight  to 
people  working  in  the  field  of  helicopter  environmental  acoustics,  either 
in  providing  a  tool  or  by  identifying  areas  which  need  the  illumination  of 
further  research  efforts. 
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TEST  HELICOPTER  DESCRIPTION 


2.0  Test  Helicopter  Description  -  The  234/CH-47D  (Chinook)  is  a 
helicopter  that  the  manufacturer,  Boeing  Vertol  of  Philadelphia, 
Pennsylvania,  currently  produces  for  the  U.S.  Army.  The  aircraft  was 
designed  to  meet  the  Army's  need  for  an  all-weather  medium  transport 
helicopter  that  could  operate  under  severe  altitude  and  temperature 
conditions.  It  is  equipped  to  transport  two  pilots,  33  to  44  troops  or  24 
litters  and  two  attendants.  Other  features  include  a  triple  external 
cargo  hook  system,  ferry  fuel  tanks,  and  a  power-down  ramp  and  water  dam 
so  that  the  ramp  may  operate  on  water.  Figure  2.1  provides  general 
dimensional  figures  for  the  helicopter. 

The  Boeing  Vertol  Company  originally  constructed  this  helicopter  as  a 
military  transport  under  the  designation  Ch-47D.  Later,  a  civil  transport 
version  of  the  original  military  helicopter  was  developed  and  designated 
as  the  BV  234.  Acoustically,  there  are  a  few  prominent  differences 
between  the  two  versions.  The  basic  airframe,  power  plant  and  rotor 
system  are  identical  for  the  two  models  with  the  exception  that  the  Ch-47D 
has  an  outside  air-scoop  in  the  nose  area  which  is  not  present  on  the 
civilian  BV  234  model.  The  primary  acoustical  differences,  however,  occur 
with  operational  considerations  of  rotor  RPM  and  relaive  fore/aft  rotor 
tilt.  The  CH-47D  uses  a  constant  rotor  speed  of  225  RPM  while  the  BV  234 
uses  a  rotor  speed  of  220  RPM.  The  CH-47D  utilizes  a  military  rotor  trim 
which  establishes  the  minimum  distance  separation  between  the  lane  of  cVe 
fore  rotor  and  the  plane  of  the  aft  rotor.  The  BV  234  uses  an  alternative 
civil  trim  which  further  separates  the  fore/aft  rotor  planes,  thus 
minimizing  the  degree  of  vortex  interaction  between  the  rotor  system. 


In  the  test  program,  a  number  of  different  flight  configurations  were 
utilized  to  employ  both  military  and  civilian  operational  characteristics. 
Section  7  specifies  the  operational  mode  for  each  test  series.  Throughout 
the  report,  the  helicopter  is  usually  referred  to  by  both  its  nameb — BV 
234/Ch-47D — but  within  specific  analyses  utilizing  data  from  a  particular 
test  series,  only  the  appropriate  civil  or  military  designation  is  used. 

Selected  operational  characteristics,  obtained  from  the  helicopter 
manufacturer,  are  presented  in  Table  2.1.  Table  2.2  presents  a  summary  of 
the  flight  operational  reference  parameters  determined  using  the 
procedures  specified  in  the  International  Civil  Aviation  Organizatior 
(ICAO)  noise  certification  testing  requirements.  Presented  along  with  the 
operational  parameters  are  the  altitudes  that  one  would  expect  the 
helicopter  to  attain  (referred  to  the  ICAO  reference  test  sites).  This 
information  is  provided  so  that  the  reader  may  implement  an  ICAO  type  data 
correction  using  the  "As  Measured"  data  contained  in  this  report.  This 
report  does  not  undertake  such  a  correction,  leaving  it  as  the  topic  of  a 
subsequent  report . 
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TABLE  2.1 


HELICOPTER  CHARACTERISTICS 


ROTOR  SPEED 

:  225  RPM 

DIAMETER 

:  60  FT. 

CHORD 

:  2.67  FT. 

NUMBER  OF  BLADES 

:  3 

BLADE  LOAD 

:  101  LBS/FT2 

FUNDAMENTAL  BLADE  PASSAGE 
FREQUENCY 

:  11  Hz 

ROTAT  DNAL  TIP  MACH  NUMBER  (77°F) 


6349 


TABLE  2.2 


ICAO  REFERENCE  PARAMETERS 


TAKEOFF 

APPROACH 

LEVEL  FLYOVER 

AIRSPEED  (KTS) 

:  85 

85 

145 

RATE  OF  CLIMB/DESCENT  (fpm) 

:  1120 

NA 

CLIMB/DESCENT  ANGLE  ’( DEGREES  1 

:  7.5° 

6° 

NA 

ALTITUDE/CPA  (FEET) 

SITE  5 

:  217/215 

342/340 

492 

SITE  1 

:  281/279 

394/392 

492 

SITE  A 

:  346/343 

446/443 

492 

SLANT  RANGE  (FEET)  TO 

SITE  2 

:  567 

630 

696 

SITE  3 

:  567 

630 

696 
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TEST  SYNOPSIS 


3.0  Test  Synopsis  -  Below  is  a  listing  of  pertinent  details  pertaining  to 
the  execution  of  the  helicopter  tests. 

1.  Test  Sponsor,  Program  Management,  and  Data  Analysis:  Federal 
Aviation  Administration,  Office  of  Environment  and  Energy,  Noise  Abatement 
Division,  Noise  Technology  Branch  (AEE-120). 

2.  Test  Helicopter:  Ch-47D,  provided  by  Boeing  Vertol 

3.  Test  Date:  Friday,  July  22,  1983 

4.  Test  Location:  Dulles  International  Airport,  Runway  30  over-run 

area. 

5.  Noise  Data  Measurement  (recording),  processing  and  analysis: 
Department  of  Transportation  (DOT),  Transportation  Systems  Center  (TSC), 
Noise  Measurement  and  Assessment  Facility. 

6.  Noise  Data  Measurement  (direct-read),  processing  and  analysis: 
FAA,  Noise  Technology  Branch  (AEE-120). 

7.  Cockpit  instrument  photo  documentation,  photo-altitude 
determination  system;  documentary  photographs:  Department  of 
Transportation,  Photographic  Services  Laboratory. 

8.  Meteorological  Data  (fifteen  minute  observations):  National 
Weather  Service  Office,  Dulles  International  Airport. 

9.  Meteorological  Data  (radiosonde/rawinsonde  weather  balloon 
launches):  National  Weather  Service  Upper  Air  Station,  Sterling  Park, 
Virginia. 

10.  Meteorological  Data  (on  site  observations):  DOT-TSC. 

11.  Flight  Path  Guidance  (portable  visual  approach  slope  indicator 
(VASI)  and  theodolite/verbal  course  corrections):  FAA  Technical  Center, 
ACT-310. 

12.  Air  Traffic  Control:  Dulles  International  Airport  Air  Traffic 
Control  Tower. 
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13.  Test  site  preparation;  surveying,  clearing  underbrush,  connecting 
electrical  power,  providing  markers,  oainting  signs,  and  other  physical 
arrangements:  Dulles  International  Airport  Grounds  and  Maintenance,  and 
Airways  Facilities  personnel. 

Figure  3.1  is  a  photo  collage  of  flight  test  and  measurement  personnel 
performing  their  tasks. 

3.1  Measurement  Facility  -  The  noise  measurement  testing  area  was  located 
adjacent  to  the  approach  end  of  Runway  12  at  Dulles  International  Airport. 
(The  approach  end  of  Runway  12  is  synonymous  with  Runway  30  over-run 
area.)  The  low  ambient  noise  level,  the  availability  of  emergency  equip¬ 
ment,  and  the  security  of  the  area  all  made  this  location  desirable. 

Figure  3.2  provides  a  photograph  of  the  Dulles  terminal  and  of  the  test 
area. 

The  test  area  adjacent  to  the  runway  was  nominally  flat  with  a  ground 
cover  of  short,  clipped  grass,  approximately  1800  feet  by  2200  feet,  and 
bordered  on  north,  south,  and  west  by  woods.  There  was  minimum  interfer¬ 
ence  from  the  commercial  and  general  aviation  activity  at  the  airport 
since  Runway  12/30  was  closed  to  normal  traffic  during  the  tests.  The 
runways  used  fcr  normal  traffic,  1L  and  1R,  were  approximately  2  and  3 
miles  east,  respectively,  of  the  test  site. 

The  flight  track  centerline  was  located  parallel  to  Runway  12/30  centered 
between  the  runway  and  the  taxiway.  The  helicopter  hover  point  lor  the 
static  operations  was  located  on  the  southwest  corner  of  the  approach  end 
of  Runway  12.  Eight  noise  measurement  sites  were  established  in  the 
grassy  area  adjacent  to  the  Runway  12  approach  ground  track. 
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Figure  3.2 


The  Terminal  and  Air  Traffic  Control  Tower 
at  Dulles  International  Airport 


Approach  to  Runway  12  at  Dulles  Noise 
Measurement  Site  for  1983  Helicopter  Tests 
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3.2  Microphone  Locations  -  There  were  eight  separate  microphone  sites 


located  within  the  testing  area,  making  up  two  measurement  arrays-  One 
array  was  used  for  the  flight  operations,  the  other  for  the  static 
operations-  A  schematic  of  the  test  area  is  shown  in  Figure  3-3- 

A.  Flight  Operations  -  The  microphone  array  for  flight  operations 
consisted  of  two  sideline  sites,  numbered  2  and  3  in  Figure  3-3,  and  three 
centerline  sites,  numbered  5,  1,  and  4,  located  directly  below  the  flight 
path  of  the  helicopter.  Since  site  number  3,  the  north  sideline  site,  was 
located  in  a  lightly  wooded  area,  it  was  offset  46  feet  to  the  west  to 
provide  sufficient  clearance  from  surrounding  trees  and  bushes. 

B-  Static  Operations  -  The  microphone  array  for  static  operations 
consisted  of  sites  7H,  5H,  1H,  2,  and  4H-  These  sites  were  situated 
around  the  helicopter  hover  point  which  was  located  on  the  southwest 
corner  of  the  approach  end  of  Runway  12-  These  site  locations  allowed  for 
both  hard  and  soft  ground-to-ground  propagation  paths. 

3.3  Flight  Path  Markers  and  Guidance  System  Locations  -  Visual  cues  in 
the  form  of  squares  of  plywood  painted  bright  yellow  with  a  black  "X”  in 
the  center  were  provided  to  define  the  takeoff  rotation  point.  This  point 
was  located  1640  feet  (500  m)  from  centerline  center  (CLC)  microphone 
location.  Four  portable,  battery-powered  spotlights  were  deployed  at 
various  locations  to  assist  pilots  in  maintaining  the  array  centerline- 
To  provide  visual  guidance  during  the  approach  portion  of  the  test,  a 
standard  visual  approach  slope  indicator  (VAS1)  system  was  used.  In 
addition  to  the  visual  guidance,  the  VAST  crew  also  provided  verbal 
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guidance  with  the  aid  of  a  theodolite.  Both  methods  assisted  the 
helicopter  pilot  in  adhering  to  the  microphone  array  centerline  and  in 
maintaining  the  proper  approach  path.  The  locations  of  the  VAS1  from  CLC 
are  shown  in  the  following  table. 


Approach  Angle 
(degrees) 

12 

9 

6 

3 


Distance  from  CLC 

_ (feet) 

1830 

2456 

3701 

7423 


Each  of  these  locations  provided  a  glidepath  which  crossed  over  the 
centerline  center  microphone  location  at  an  altitude  of  394  feet. 
This  test  program  included  approach  operations  utilizing  6,  9  and  12 
degree  glide  slopes. 
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FIGURE  3.3 

Noise  Measurement  and  Photo  Site  Schematic 


NOTES:  Broken  Line  Indicates  not  to  Scale. 
Metric  Measurements  to 
Nearest  Meter, 
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TEST  PLANNING  AND  BACKGROUND 

4.0  Test  Planning/Background  Activities  -  This  section  provides  a  brief 
discussion  of  important  administrative  and  test  planning  activities. 

4.1  Test  Program  Advance  Briefings  and  Coordination  -  A  pre-test  briefing 
was  conducted  approximately  one  month  prior  to  the  test.  The  meeting  was 
attended  by  all  pilots  participating  in  the  test,  along  with  FAA  program 
managers,  manufacturer  test  coordinators,  and  other  key  test  participants 
from  the  Dulles  Airport  community.  During  this  meeting,  the  airspace 
safety  and  communications  protocol  were  rigorously  defined  and  at  the  same 
time  test  participants  were  able  to  iron  out  logistical  and  procedural 
details.  On  the  morning  of  the  test,  a  final  brief  meeting  was  convened 
on  the  flight  line  to  review  safety  rules  and  coordinate  last-minute 
changes  in  the  test  schedule. 

4.2  Communications  Network  -  During  the  helicopter  noise  measurement 
test,  an  elaborate  communications  network  was  utilized  to  manage  the 
various  systems  and  crews.  This  network  was  headed  by  a  central  group 
which  coordinated  the  testing  using  three  two-way  radio  systems, 
designated  as  Radios  1-3. 

Radio  1  was  a  walkie  talkie  system  operating  on  169.275  MHz,  providing 
communications  between  the  VASI,  National  Weather  Service,  FAA  Acoustic 
Measurement  crew,  the  TSC  acoustic  team  coordinator,  and  the  noise  test 
coordinating  team. 

Radio  2  was  a  second  walkie  talkie  system  operating  on  170.40  MHz, 
providing  communications  between  the  TSC  acoustic  team  coordinator  and  the 
TSC  acoustic  measurement  teams . 

© 
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FIGURE  4.1 

e  Test  Communication  Network  Schematic 
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Radio  3,  a  multi-channel  transceiver,  was  used  as  both  an  air-to-ground 
and  ground-to-ground  communications  system-  In  air-to-ground  mode  it 
provided  communications  between  VASI,  helicopter  flight  crews,  and  noise 
test  control  on  123.175  MHz.  In  ground-to-ground  mode  it  provided 
communications  between  the  air  traffic  control  tower  (121.9  MHz),  Page 
Avjet  (the  fuel  source;  122.95  MHz),  and  noise  test  control. 

A  schematic  of  this  network  is  shown  in  Figure  4.1. 

4.3  Local  Media  Notification  -  Noise  test  program  managers  working 
through  the  FAA  Office  of  Public  Affairs  released  an  article  to  the  local 
media  explaining  that  helicopter  noise  tests  were  to  be  conducted  at 
Dulles  Airport  on  July  22,  the  test  day  commencing  around  dawn  and 
extending  through  midday.  The  article  described  general  test  objectives, 
flight  paths,  and  rationale  behind  the  very  early  morning  start  time  (low 
wind  requirements).  In  the  case  of  a  farm  located  very  close  to  the 
airport,  a  member  of  the  program  management  team  personally  visited  the 
residents  and  explained  what  was  going  to  be  involved  in  the  test .  As  a 
consequence  of  these  efforts  (it  is  assumed),  there  were  very  few 
complaints  about  the  test  program. 

4.4  Ambient  Noise  -  One  of  the  reasons  that  the  Dulles  Runway  30  over-run 
area  was  selected  as  the  test  site  was  the  low  ambient  noise  level  in  the 
area-  Typically  one  observed  an  A-Weighted  LEQ  on  the  order  of  45  dB, 
with  lominant  transient  noise  sources  primarily  from  the  avian  and  insect 
families.  The  primary  offender  was  the  Collinus  Virginianus,  commonly 
known  as  the  bobwhite,  quail,  or  partridge.  The  infrequent  intrusive 
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sound  pressure  levels  were  on  the  order  of  55  dB  centered  in  the  2000  Hz 
one-third  octave  band.  A  picture  of  the  noisy  offender  and  a  narrow  band 
analysis  of  its  song  may  be  found  in  Figure  4.2 


Aj  an  additional  measure  for  safety  and  for  lessening  ambient  noise,  a 
Notice  to  Airmen  or  NOTAM  was  issued  advising  aircraft  of  the  noise  test, 
and  indicating  that  Runway  12/30  was  closed  for  the  duration  of  the  test. 


DATA  ACQUISITION  AND  GUIDANCE  SYSTEMS 


5.0  Data  Acquisition  and  Guidance  Systems  -  This  section  provides  a 
detailed  description  of  the  test  program  data  acquisition  systems,  with 
special  attention  given  to  documenting  the  operational  accuracy  of  each 
system.  In  addition,  discussion  is  provided  (as  needed)  of  field 
experiences  which  might  be  of  help  to  others  engaged  in  controlled 
helicopter  noise  measurements.  In  each  case,  the  location  of  a  given 
measurement  system  is  described  relative  to  the  helicopter  flight  path. 

5.1  Approach  Guidance  System  -  Approach  guidance  was  provided  to  the 
pilot  by  means  of  a  visual  approach  slope  indicator  (VASI)  and  through 
verbal  commands  from  cn  observer  using  a  ballon-tracking  theodolite.  (A 
picture  of  the  theodolite  is  included  in  Figure  3.1,  in  Section  3.0.)  The 
VASI  and  theodolite  were  positioned  at  the  point  where  the  approach  path 
intercepted  the  ground. 

The  VASI  system  used  in  the  test  was  a  3-light  arrangement  giving  vertical 
displacement  information  within  +0.5  degrees  of  the  reference  approach 
slope.  The  pilot  observed  a  green  light  if  the  helicopter  was  within  0.5 
degrees  of  the  approach  slope,  red  if  below  the  approach  slope,  white  if 
above.  The  VASI  was  adjusted  and  repositioned  to  provide  a  variety  of 
approach  angles.  A  picture  of  the  VASI  is  included  in  Figure  3.1. 

The  theodolite  system,  used  in  conjunction  with  the  VASI,  also  provided 
accurate  approach  guidance  to  the  pilot.  A  brief  time  lag  existed  between 
the  instant  the  theodolite  observor  perceived  deviation,  transmitted  a 
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command,  and  the  pilot  made  the  correction;  however,  the  theodolite  crew 
was  generally  able  to  alert  the  pilot  of  approach  path  deviations  (slope 
and  lateral  displacement)  before  the  helicopter  exceeded  the  limits  of  the 
one  degree  green  light  of  the  VAS1.  Thus,  the  helicopter  only  occasional¬ 
ly  and  temporarily  deviated  more  than  0.5  degrees  from  the  reference 
approach  path. 


Approach  paths  of  6  and  9  degrees  were  used  during  the  test  program. 

Table  5.1  summarizes  the  VAS1  beam  width  at  each  measurement  location  for 
a  variety  of  the  approach  angles  used  in  this  test. 


TABLE  5.1 

REFERENCE  HELICOPTER  ALTITUDES  FOR  APPROACH  TESTS 
(all  distances  expressed  in  feet) 


MICROPHONE 

MICROPHONE 

MICROPHONE 

NO.  4 

NO.  1 

NO.  5 

APPROACH 

A  =  8010 

A  =  7518 

A  =  7026 

ANGLE  =  3° 

B  =  420 

B  =  394 

B  =  368 

C  =  +70 

C  =  +66 

C  =  +-62 

6° 

A  =  4241 

A  =  3749 

A  =  3257 

B  =  446 

B  =  394 

B  =  342 

C  =  +37 

C  =  +33 

C  =  +29 

9° 

A  =  2980 

A  -  2488 

A  =  1362 

B  =  472 

B  =  394 

B  =  316 

C  =  +27 

C  *  +22 

C  *  +18 

A  =  distance  from  VASI  to  microphone  location 


B  =  reference  helicopter  altitude 


C  =  boundary  of  the  1  degree  VASI  glide  slope 
"beam  width". 
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5.2  Photo  Altitude  Determination  Systems  -  The  helicopter  altitude  over  a 
given  microphone  was  determined  by  the  photographic  technique  described  in 
the  Society  of  Automotive  Engineers  report  AIR-902  (ref.  1).  This 
technique  involves  photographing  an  aircraft  during  a  flyover  event  and 
proportionally  scaling  the  resulting  image  with  the  known  dimensions  of 
the  aircraft.  The  camera  is  initially  calibrated  by  photographing  a  test 
object  of  known  size  and  distance.  Measuring  the  resulting  image  enables 
calculation  of  the  effective  focal  length  from  the  proportional 
relationship: 

(image  length)/(object  length)  =  (effective  focal  length)/(object 
distance) 

This  relationship  is  used  to  calculate  the  slant  distance  from  microphone 
to  aircraft.  Effective  focal  length  is  determined  during  camera 
calibration,  object  length  is  determined  from  the  physical  dimensions  of 
the  aircraft  (typically  the  rotor  diameter  or  fuselage)  and  the  image  size 
is  measured  on  the  photograph.  These  measurements  lead  to  the  calculation 
of  object  distance,  or  the  slant  distance  from  camera  or  microphone  to 
aircraft.  The  concept  applies  similarly  to  measuring  an  image  on  a  print, 
or  measuring  a  projected  image  from  a  slide. 

The  SAE  AIR-902  technique  was  implemented  during  the  1983  helicopter  tests 
with  three  35mm  single  lens  reflex  (SLR)  cameras  using  slide  film.  A 
camera  was  positioned  100  feet  from  each  of  the  centerline  microphone 
locations.  Lenses  with  different  focal  lengths,  each  individually 
calibrated,  were  used  in  photographing  helicopters  at  differing  altitudes 
in  order  to  more  fully  "fill  the  frame"  and  reduce  image  measurement 
error. 
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Figure  5.1 

Photo  Overhead  Positioning  System 
(Pop  System) 


Artist's  Drawing  of  the  Photo  Overhead  Positioning 
System  (Figure  is  not  to  scale.) 


Photographs  of  the  Boeing  Vertol  234/Ch-47D,  as  taken 
by  the  photographer  using  the  POP  system. 
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The  photoscaling  technique  assumes  the  aircraft  is  photographed  directly 
overhead.  Although  SAE  AIR-902  does  present  equations  to  account  for 
deviations  caused  by  photographing  too  soon  or  late,  or  by  the  aircraft 
deviating  from  the  centerline,  these  corrections  are  not  required  when 
deviations  are  small.  Typically,  most  of  the  deviations  were  acoustically 
insignificant.  Consequently,  corrections  were  not  required  for  any  of  the 
1983  test  photos. 

The  photographer  was  aided  in  estimating  when  the  helicopter  was  directly 
overhead  by  means  of  a  photo-overhead  positioning  system  (POPS)  as 
illustrated  in  the  figure  and  pictures  in  Figure  5.1  The  POP  system 
consisted  of  two  parallel  (to  the  ground)  wires  in  a  vertical  plane 
orthogonal  to  the  flight  path.  The  photographer,  lying  beneath  the  POP 
system,  initially  positioned  the  camera  to  coincide  with  the  vertical 
plane  of  the  two  guide  wires.  The  photographer  tracked  the  approaching 
helicopter  in  the  viewfinder  and  tripped  the  shutter  when  the  helicopter 
crossed  the  superimposed  wires.  This  process  of  tracking  the  helicopter 
also  minimized  image  blurring  and  the  consequent  elongation  of  the  image 
of  the  fuselage. 

A  scale  graduated  in  1/32-inch  increments  was  used  to  measure  the 
projected  image.  This  scaling  resolution  translated  to  an  error  in 
altitude  of  less  than  one  percent.  A  potential  error  lies  in  the  scaler's 
interpretation  of  the  edge  of  the  image.  In  an  effort  to  quantify  this 
error,  a  test  group  of  ten  individuals  measured  a  selection  of  the 
fuzziest  photographs  from  the  helciopter  tests.  The  resulting  statistics 
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revealed  that  2/3  of  the  participants  were  within  two  percent  of  the  mean 
altitude.  SAE  AIR-902  indicates  that  the  overall  photoscaling  technique, 
under  even  the  most  extreme  conditions,  rarely  produces  error  exceeding 
12  percent,  which  is  equivalent  to  a  maximum  of  1  dB  error  in  corrected 
sound  level  data.  Actual  accuracy  varies  from  photo  to  photo;  however,  by 
using  skilled  photographers  and  exercising  reasonable  care  in  the 
measurements,  the  accuracy  is  good  enough  to  ignore  the  resulting  small 
error  in  altitude. 

Tests  were  recently  conducted  in  West  Germany  which  compared  this  camera 
method  with  the  more  elaborate  Kinotheodol ite  tracking  method  to  discover 
which  was  best  for  determining  overflight  height  and  overground  speed. 

Both  methods  were  found  to  be  reasonably  accurate;  thus,  the  simpler 
camera  method  remains  appropriate  for  test  purposes  (ref.  2). 

5.3  Cockpit  Photo  Data  -  During  each  flight  operation  of  the  test 
program,  cockpit  instrument  panel  photographs  were  taken  with  a  35mm  SLR 
camera,  with  an  85mm  lens,  and  high  speed  slide  film.  These  pictures 
served  as  verification  of  the  helicopter's  speed,  altitude,  and  torque  at 
a  particular  point  during  a  test  event.  The  photos  were  intended  to  be 
taken  when  the  aircraft  was  directly  over  the  centerline-center  microphone 
site  #1  (see  Figure  3.3).  Although  the  photos  were  not  always  taken  at 
precisely  that  point,  the  pictures  do  represent  a  typical  moment  during 
the  test  event.  The  word  typical  is  important  because  the  snapshot 
freezes  instrument  readings  at  one  moment  in  time,  while  actually  the 
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readings  are  constantly  changing  by  a  small  amount  because  of  instrument 
fluctuation  and  pilot  input.  Thus,  fluctuations  above  or  below  reference 
conditions  are  to  be  anticipated.  A  reproduction  of  a  typical  cockpit 
photo  is  shown  in  Figure  5.2.  This  data  acquisition  system  was  augmented 
by  the  presence  of  an  experienced  cockpit  obersver  who  provided  additional 
documentation  of  operational  parameters. 


For  future  tests,  the  use  of  a  video  tape  system  is  being  considered  to 
acquire  a  continuous  record  of  cockpit  parameters  during  each  data  run. 
Preliminary  FAA  studies  (April  1984)  indicate  that  this  technique  can  be 
successful  using  off  the  shelf  equipment.  When  slides  were  projected  onto 
a  screen,  it  was  possible  to  read  and  record  the  instrument  readings  with 
reasonable  accuracy. 


FIGURE  5.2 

5-4  Upper  Air  Meteorological  Data  Acquisition/NWS:  Sterling,  VA  -  The 
National  Weather  Service  (NWS)  at  Sterling,  Virginia  provided  upper  air 
meteorological  data  obtained  from  balloon-borne  radiosondes.  These  data 
consisted  of  pressure,  temperature,  relative  humidity,  wind  direction,  and 


speed  at  100*  intervals  from  ground  level  through  the  highest  test 
altitude.  The  balloons  were  launched  approximately  2  miles  north  of  the 
measurement  array.  To  slow  the  ascent  rate  of  the  balloon,  an  inverted 
parachute  was  attached  to  the  end  of  the  flight  train.  The  VIZ  Accu-Lok 
(manufacturer)  radiosonde  employed  in  these  tests  consisted  of  sensors 
which  sampled  the  ambient  temperature,  relative  humidity,  and  pressure  of 
the  air.  Each  radiosonde  was  individually  calibrated  by  the  manufacturer. 


The  sensors  were  coupled  to  a  radio  transmitter  which  emitted  an  RF  signal 
of  1680  MHz  sequentially  pulse-modulated  at  rates  corresponding  to  the 
values  of  sampled  meteorological  parameters.  These  signals  were  received 
by  the  ground-based  tracking  system  ana  converted  into  a  continuous  trace 
on  a  strip  chart  recorder.  The  levels  were  then  extracted  manually  and 
entered  into  a  minicomputer  where  calculations  were  performed.  Wind  speed 
and  direction  were  determined  from  changes  in  position  and  direction  of 
the  "flight  train"  as  detected  by  the  radiosonde  tracking  system.  Figure 
5.3  shows  technicians  preparing  to  launch  a  radiosonde. 


FIGURE  5.3 
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The  manufacturer's  specifications  for  accuracy  are: 

Pressure  =  +4  mb  up  to  250  mb 

Temperature  =  +0.5°C,  over  a  range  of  +30°C  to  -30°C 
Humidity  =  +5%  over  a  range  of  j^25°C  to  5°C 
The  National  Weather  Service  has  determined  the  "operational  accuracy"  of 
a  radiosonde  (as  documented  in  an  unpublished  report  entitled  "Standard 
f  r  Weather  Bureau  Field  Programs",  1-1-67)  to  be  as  follows: 

Pressure  =  +2  mb,  over  a  range  of  1050  -  5  mb 
Temperature  =  +1*C,  over  a  range  of  +50°C  to  -70°C 
Humidity  =  +5%  over  a  range  of  +40°C  to  -40°C 

The  temperature  and  pressure  data  are  considered  accurate  enough  for 
general  documentary  purposes.  The  relative  humidity  data  are  the  least 
reliable.  The  radiosonde  reports  lower  than  actual  humidities  when  the 
air  is  near  saturation.  These  inaccuracies  are  attributable  to  the  slow 
response  time  of  the  humidity  sensor  to  sudden  changes.  (Ref.  3). 

For  future  tes.ing,  the  use  of  a  SODAR  (acoustical  sounding)  system  is 
being  considered.  The  SODAR  is  a  measurement  system  capable  of  defining 
the  micro-wind  structure,  making  the  influences  of  wind  speed,  direction 
and  gradient  easier  to  identify  and  to  assess  in  real  time  (Ref.  4). 
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5.5  Surface  Meteorological  Data  Acquisition/NWS:  Dulles  Airport  -  The 


National  Weather  Service  Station  at  Dulles  provided  temperature, 
windspeed,  and  wind  direction  on  the  test  day.  Readings  were  noted  every 
15  minutes.  These  data  are  presented  in  Appendix  H.  The  temperature 
transducers  were  located  approximately  2.5  miles  east  of  the  test  site  at 
a  height  of  6  feet  (1.8  m)  above  the  ground,  the  wind  instruments  were  at 
a  height  of  30  feet  (10  m)  above  ground  level.  The  dry  bulb  thermometer 
and  dew  point  transducer  were  contained  in  the  Bristol  (manufacturer) 
HO-61  system  operating  with  +  one  degree  accuracy.  The  windspeed  and 
direction  were  measured  with  the  Electric  Speed  Indicator  (manufacturer) 
F420C  System,  operating  with  an  accuracy  of  1  knot  and  +5°. 


On-site  meterological  data  were  also  obtained  by  TSC  personnel  using  a 
Climatronics  (manufacturer)  model  EWS  weather  system.  The  anemometer  and 
temperature  sensor  were  located  10  feet  above  ground  level  at  noise 
site  4.  These  data  are  presented  in  Appendix  I.  The  following  table 
(Table  5.2)  identifies  the  accuracy  of  the  individual  components  of  the 
EWS  system. 


Sensor 


Windspeed 


Wind 

Direction 

Relative 

Humidity 


Accuracy 

+.025  mph 
or  1.5% 

+1.5% 


+2% 

0-100%  RH 


TABLE  5.2 
Range 
0-100  mph 


0-360°  Mech 
0-540°  Elect 


0-100%  RH 


Time  Constant 


5  sec 


15  sec 


10  sec 


Temperature  +1.0°F 


-40  to  +120°F  10  sec 
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After  "detection"  (sensing),  the  meteorological  data  are  recorded  on  a 
Rustrak  (manufacturer)  paperchart  recorder.  The  following  table  (Table 
5.3)  identifies  the  range  and  resolutions  associated  with  the  recording  of 
each  parameter. 


TABLE  5.3 


Sensor  Range 

Windspeed  0-25  TSC  mod 

0-50  mph 


Wind  0-540° 

Direction 

Relative  0-100%  RH 

Humidity 

Temperature  -40°  to  120°F 


Chart  Resolution 
+0 . 5  mph 

+5° 

+2%  RH 

+1°F 


5.6.0  Noise  Data  Acquisition  Sy terns /System  Deployment  -  This  section 
provides  a  detailed  description  of  the  acoustical  measurement  systems 
employed  in  the  test  program  along  with  the  deployment  plan  utilized  in 
each  phase  of  testing. 


5.6.1  Description  of  TSC  Magnetic  Recording  Systems  -  TSC  personnel 
deployed  Nagra  two-channel  direct-mode  tape  recorders.  Noise  data  were 
recorded  with  essentially  flat  frequency  response  on  one  channel.  The 
same  input  data  were  weighted  and  amplified  using  a  high  frequency 
pre-emphasis  filter  and  were  recorded  on  the  second  channel.  The 
pre-emphasis  network  rolled  off  those  frequencies  below  10,000  Hz  at  20  dB 
per  decade.  The  use  of  pre-emphasis  was  necessary  in  order  to  boost  the 
high  frequency  portion  of  the  acoustical  signal  (such  as  a  helicopter 
spectrum)  characterized  by  large  level  differences  (30  to  60  dB)  between 
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Acoustical  Measurement  Instrumentation 
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Time  Code  Generator 


the  high  and  low  frequencies.  Recording  gains  were  adjusted  so  that  the 
best  possible  signal-to-noise  ratio  would  be  achieved  while  allowing 
enough  "head  room”  to  comply  with  applicable  distortion  avoidance  require¬ 
ments  . 

IRIG-B  time  code  synchronized  with  the  tracking  time  base  was  recorded  on 
the  cue  channel  of  each  system.  The  typical  measurement  system  consisted 
of  a  General  Radio  1/2  inch  electret  microphone  oriented  for  grazing 
incidence  driving  a  General  Radio  P-42  preamp  and  mounted  at  a  height  of 
four  feet  (1.2  meters).  A  100-foot  (30.5  meters)  cable  was  used  between 
the  tripod  and  the  instrumentation  vehicle  located  at  the  perimeter  of  the 
test  circle.  A  schematic  of  the  acoustical  instrumentation  is  shown  in 
Figure  5.4. 

Figure  5.4  also  shows  the  cutaway  windscreen  mounting  for  the  ground 
microphone.  This  configuration  places  the  lower  edge  of  the  microphone 
dlaphram  approximately  one-half  inch  from  the  plywood  (4  ft  by  4  ft) 
surface.  The  ground  microphone  was  located  off  center  in  order  to  avoid 
natural  mode  resonant  vibration  of  the  plywood  square. 

5.6.2  FAA  Direct  Read  Measurement  Systems  -  In  addition  to  the  recording 
systems  deployed  by  TSC,  four  direct  read,  Type-1  noise  measurement 
systems  were  deployed  at  selected  sites.  Each  noise  measurement  site 
consisted  of  an  identical  microphone-preamplifier  system  comprised  of  a 
General  Radio  1/2-inch  electret  microphone  (1962-9610)  driving  a  General 
Radio  P-42  preamplifier  mounted  4  feet  (1.2m)  above  the  ground  and 
oriented  for  grazing  incidence.  Each  microphone  was  covered  with  a  3- inch 
windscreen. 
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Acoustical  Measurement  Instrumentation 


34 


Direct  Read  Noise  Measurement  System 


Three  of  the  direct  read  systems  utilized  a  100-foot  cable  connecting  the 
microphone  system  with  a  General  Radio  1988  Precision  Integrating  Sound 
Level  Meter  (PISLM).  In  each  case,  the  slow  response  A-weighted  sound 
level  was  output  to  a  graphic  level  recorder  (GLR).  The  GLRs  operated  at 
a  paper  transport  speed  of  5  centimeters  per  minute  (300  cm/hr).  These 
systems  collected  single  event  data  consisting  of  maximum  A-weighted  Sound 
Level  (AL),  Sound  Exposure  Level  (SEL),  integration  time  (T),  and 
equivalent  sound  level  (LEQ). 

The  fourth  microphone  system  was  connected  to  a  General  Radio  1981B  Sound 
Level  Meter*  This  meter,  used  at  site  7H  for  static  operations  only, 
provided  A-weighted  Sound  Level  values  which  were  processed  using  a  micro 
sampling  technique  to  determine  LEQ. 

All  instruments  were  calibrated  at  the  beginning  and  end  of  each  test  day 
and  approximately  every  hour  in  between.  A  schematic  drawing  of  the  basic 
direct  read  system  is  shown  in  Figure  5.5. 

5.6.3  Deployment  of  Acoustical  Measurement  Instrumentation  -  This  section 
describes  the  deployment  of  the  magnetic  tape  recording  and  direct  read 
noise  measurement  systems. 

During  the  testing,  TSC  deployed  six  magnetic  tape  recording  systems. 
During  the  flight  operations,  four  of  these  recording  system  were  located 
at  the  three  centerline  sites:  one  system  at  site  4,  one  at  site  5,  and 
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two  at  centerline  center  with  the  microphone  of  one  of  those  systems  at  4 
feet  above  ground,  the  microphone  of  the  other  at  ground  level*  The  two 
remaining  recording  systems  were  located  at  the  two  sidelines  sites*  The 
FAA  deployed  three  direct  read  systems  at  the  three  centerline  sites 
during  the  flight  operations.  Figure  5.6  provides  a  schematic  drawing  of 
the  equipment  deployment  for  the  flight  operations. 

In  the  case  of  static  operations,  only  four  of  the  six  recorder  systems 
were  used.  The  recorder  system  with  the  4-foot  microphone  at  site  1  moved 
to  site  1H.  The  recorders  at  sites  4  and  5  moved  to  4H  and  5H 
respectively.  The  recorder  at  site  2,  the  south  sideline  site,  was  also 
used.  The  three  direct  read  systems  were  moved  from  the  centerline  sites 
to  sites  5H,  2,  and  4H.  The  fourth  direct  read  system  was  employed  at 
site  7H.  Figure  5.7  provides  a  schematic  diagram  of  the  equipment 
deployment  for  the  static  operations. 
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FIGURE  5.7 

Microphone  and  Acoustical  Measurement 
Instrument  Deployment 
Static  Operations 
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ACOUSTICAL  DATA  REDUCTION 

6.0  Acoustical  Data  Reduction  -  This  section  describes  the  treatment  of 


tape  recorded  and  direct  read  acoustical  data  from  the  point  of 
acquisition  to  point  of  entry  into  the  data  tables  shown  in  the  appendices 
of  this  document. 


6.1  TSC  Magnetic  Recording  Data  Reduction  -  The  analog  magnetic  tape 
recordings  analyzed  at  the  TSC  facility  in  Cambridge,  Massachusetts  were 
fed  into  magnetic  disc  storage  after  filtering  and  digitizing  using  the 
GenRad  1921  one-third  octave  real-time  analyzer.  Figure  6.1  is  a  picture 
of  the  TSC  facility;  Figure  6.2  is  a  flow  chart  of  the  data  collection, 
reduction  and  output  process  accomplished  by  TSC  personnel.  Recording 
system  frequency  response  adjustments  were  applied,  assuring  overall 
linearity  of  the  recording  and  reduction  system.  The  stored  24,  one-third 
octave  sound  pressure  levels  (SPLs)  for  contiguous  one-half  second 
integration  periods  making  up  each  event  comprise  the  base  of  "raw  data." 

Data  reduction  followed  the  basic  procedures  defined  in  Federal  Aviation 
Regulation  (FAR)  Part  36  (Ref.  5).  The  following  sections  describe  the 
steps  involved  in  arriving  at  final  sound  level  values. 


FIGURE  6.1 
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Acoustical  Data  Reduction  I  Instrumentation 
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6.1.1  Ambient  Noise  -  The  ambient  noise  is  considered  to  consist  of  both 


the  acoustical  background  noise  and  the  electrical  noise  of  the 
measurement  system.  For  each  event,  the  ambient  level  was  taken  as  the 
five  to  ten-second  time  averaged  one-third  octave  band  taken  immediately 
prior  to  the  event.  The  ambient  noise  was  used  to  correct  the  measured 
raw  spectral  data  by  subtracting  the  ambient  level  from  the  measured  noise 
levels  on  an  energy  basis.  This  subtraction  yielded  the  corrected  noise 
level  of  the  aircraft.  The  following  exceptions  are  noted: 

1.  At  one-third  octave  frequencies  jf  630  Hz  and  below,  if  the 
measured  level  was  within  3  dB  of  the  ambient  level,  the  measured  level 
was  corrected  by  being  set  equal  to  the  ambient.  If  the  measured  level 
was  less  than  the  ambient  level,  the  measured  level  was  not  corrected. 

2.  At  one-third  octave  frequencies  above  630  Hz,  if  the  measured 
level  was  within  3  dB  or  less  of  the  ambient,  the  level  was  identified  as 
"masked.” 

6.1.2  Spectral  Shaping  -  The  raw  spectral  data,  corrected  for  ambient 
noise,  were  adjusted  by  sloping  the  spectrum  shape  at  -2  dB  per  one-third 
octave  for  those  bands  (above  1.25  kHz)  where  the  signal  to  noise  ratio 
was  less  than  3  dB,  i.e.,  "masked"  bands.  This  procedure  was  applied  in 
cases  involving  no  more  than  9  "masked"  one-third  octave  bands.  The 
shaping  of  the  spectrum  over  this  9-band  range  was  conducted  to  minimize 
EPNL  data  loss.  This  spectral  shaping  methodology  deviates  from  FAR-36 
procedures  in  that  the  extrapolation  includes  four  more  bands  than 
aormally  allowed. 

6.1.3  Analysis  System  Time  Constant/Slow  Response  -  The  corrected  raw 
spectral  data  (contiguous  linear  1/2  second  records  of  data)  were 
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processed  using  a  sliding  window  or  weighted  running  logarithmic  averaging 
procedure  to  achieve  the  "slow"  dynamic  response  equivalent  to  the  "slow 
response"  characteristic  of  sound  level  meters  as  required  under  the 
provisions  of  FAR-36.  The  following  relationship  using  four  consecutive 
data  records  w*  used: 

La  =  10  Log  [0. 13(10. °'1Li~3)+0. 21(10. °*1Li~2)+0. 27(10. °'1Li-1)+0. 39(10. °‘1Li)l 

where  is  the  one-third  octave  band  sound  pressure  level  for  the  ith 
one-half  second  record  number. 

6.1.4  Bandsharing  of  Tones  -  All  calculations  of  PNLTM  included  testing 
for  the  presence  of  band  sharing  and  adjustment  in  accordance  with  the 
procedures  defined  in  FAR-36,  Appendix  B,  Section  B  36-2.3.3,  (Ref.  6). 

6.1.5  Tone  Corrections  -  Tone  corrections  were  computed  using  the  heli¬ 
copter  acoustical  spectrum  from  24  Hz  to  11,200  Hz,  (bands  14  through  40). 
Tone  correction  values  were  computed  for  bands  17  through  40,  the  same  set 
of  bands  used  in  computing  the  EPNL  and  PNLT.  The  initiation  of  the  tone 
correction  procedure  at  a  lower  frequency  reflects  recognition  of  the 
strong  low  frequency  tonal  content  of  helicopter  noise.  This  procedure  is 
in  accordance  with  the  requirements  of  ICAO  Annex  16,  Appendix  4, 
paragraph  4.3.  (Ref.  7). 

6.1.6  Other  Metrics  -  In  addition  to  the  EPNL/PNLT  family  of  metrics  and 
the  SEL/AL  family,  the  overall  sound  pressure  level  and  10-dB  down  dura¬ 
tion  times  are  presented  as  part  of  the  "As  Measured"  data  set  in  Appendix 
A.  Two  factors  relating  to  the  event  time  history  (distance  duration  and 
speed  corrections,  discussed  in  a  later  section)  are  also  presented. 
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I  6.1.7  Spectral  Data/Static  Tests  -  In  the  case  of  static  operations, 

thirty-two  seconds  of  corrected  raw  spectral  data  (64  contiguous  1/2 
second  data  records)  were  energy  averaged  to  produce  the  data  tabulated  in 
Appendix  C.  The  spectral  data  presented  is  "as  measured"  at  the  emission 
angles  shown  in  Figure  6.3,  established  relative  to  each  microphone 
location.  Also  included  in  the  tables  are  the  360  degree  (eight  emission 
angles)  average  levels,  calculated  by  both  arithmetic  and  energy 
averaging. 


Note  that  "masked"  levels  (see  Section  6.1.1)  are  replaced  in  the  tables 
of  Appendix  C  with  a  dash  (-).  The  indexes  shown,  however,  were 
calculated  with  a  shaped  spectra  as  per  Section  6.1.2. 

FIGURE  6.3 

Acoustical  Emission  Angie  Convention 


Right  Side 


180°  Tail 
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Direct  Read  Data  Reduction 


6.2  FAA  Direct  Read  Data  Reduction  -  Figure  6.4  provides  a  flow  diagram 


of  the  data  collection,  reduction  and  output  process  effected  by  FAA 
personnel.  FAA  direct  read  data  was  reduced  using  the  Apple  lie 
microcomputer  and  the  V1S1CALC®  software  package.  VISICALC®  is  an 
electronic  worksheet  composed  of  256  x  256  rows  and  columns  which  can 
support  mathematical  manipulation  of  the  data  placed  anywhere  on  the 
worksheet.  This  form  of  computer  software  lends  itself  to  a  variety  of 
data  analyses,  by  means  of  constructing  templates  (worksheets  constructed 
for  specific  purposes).  Data  files  can  be  constructed  to  contain  a 
variety  of  information  such  as  noise  data  and  position  data  using  a  file 
format  called  DIF  (data  interchange  format). 

Data  analysis  can  be  performed  by  loading  DIF  files  onto  analysis 
templates.  The  output  or  results  can  be  displayed  in  a  format  suitable 
for  inclusion  in  reports  or  presentations.  Data  tables  generated  using 
these  techniques  are  contained  in  Appendices  B  and  D,  and  are  discussed  in 
Section  9.0. 

6.2.1  Aircraft  Position  and  Trajectory  -  A  VISICALC®  DIF  file  was  created 
to  contain  the  photo  altitude  data  for  each  event  of  each  test  series  for 
the  test  conducted.  These  data  were  input  into  a  VISICALC®  template 
designed  to  perform  a  3-point  regression  through  the  photo  altitude  data 
from  which  estimates  of  aircraft  altitudes  could  be  determined  for  each 
microphone  location. 
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6.2.2  Direct  Read  Noise  Data  -  Another  template  was  designed  to  take  two 
VISICALC*  DIF  files  as  input.  The  first  contained  the  "as  measured"  noise 
levels  SEL  and  dBA  obtained  from  the  FAA  direct  read  systems  and  the  10-dB 
duration  time  obtained  from  the  graphic  level  recorder  strips,  for  each  of 
the  three  microphone  sites. 

The  second  consisted  of  the  estimates  of  aircraft  altitude  over  three 
microphone  sites.  Calculations  using  the  two  input  files  determined  two 
figures  of  merit  related  to  the  event  duration  influences  on  the  SEL 
energy  dose  metric.  This  analysis  is  described  in  Section  9.4.  All  of 
the  available  template  output  data  are  presented  in  Appendix  B. 
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TEST  SERIES  DESCRIPTION 


7.0  Test  Series  Description  -  The  noise-flight  test  operations  schedule 
for  the  Boeing-Vertol  CH-47D  consisted  of  two  major  parts. 

The  first  part  or  core  test  program  included  the  ICAO  certification  test 
operations  (takeoff,  approach,  and  level  flyover)  supplemented  by  level 
flyovers  at  various  altitudes  (at  a  constant  altitude),  at  various 
airspeeds  (at  a  constant  altitude),  at  different  rotor  RPM’s  and  at 
civilian  and  military  trims.  Trim  refers  to  the  angle  of  the  aft  rotor  to 
the  foreward  rotor.  In  addition  to  the  ICAO  takeoff  operation,  a  second 
takeoff  flight  series  was  included  using  tne  military  trim.  Alternative 
approach  operations  were  also  included  -  one  utilizing  a  three  degree 
approach  angle,  the  other  a  six  degree  approach  angle  using  military  trim 
-  to  compare  with  the  six  degree  ICAO  approach  data. 

The  second  part  of  the  test  program  consisted  of  static  operations 
designed  to  asses  helicopter  directivity  patterns  and  examine 
ground-to-ground  propagtion. 

The  information  presented  in  Tatue  7.1  describes  the  Sikorsky  S-76  test 
schedule  by  test  series,  each  test  series  representing  a  group  of  similar 
events.  Each  noise  event  is  identified  by  a  letter  prefix,  corresponding 
to  the  appropriate  test  series,  followed  by  a  number  which  represents  the 
numerical  sequence  of  event  (i.e.,  Al,  A2,  A3,  A4,  B5,  B6,...etc.).  In 
some  cases  the  actual  order  of  test  series  may  not  follow  alphabetically, 
as  a  Dl,  D2,  D3,  D4,  E5,  E6,  E8,  H9,  H10,  Hll,...  etc.).  In  the  case  of 
static  operations  the  individual  events  are  reported  by  the  acoustical 
emission  angle  referenced  to  each  individual  microphone  location  (i.e., 
J120,  J165,  J210,  J255,  J300,  J345,  J030,  J75).  In  Table  7.1,  the  test 
target  operational  parameters  for  each  series  are  specified  along  with 
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approximate  start  and  stop  times.  These  times  can  be  used  to  reference 
corresponding  meteorological  data  in  Appendix  G.  Timing  of  fuel  breaks 
are  also  identified  so  that  the  reader  can  estimate  changes  in  helicopter 
weight  with  fuel  burn-off.  Actual  operational  parameters  and  position 
information  for  specific  events  are  specified  in  the  appendices  of  this 
document . 

Figures  7.1,  7.2  and  7.3  present  the  test  flight  configuration  for  the 
takeoff,  approach  and  level  flyover  operations.  A  schematic  of  the  actual 
flight  tracks  is  available  in  Figure  3.3. 
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TABLE  7.1 
TEST  SUMMARY 


BOEING-VERTOL 

CH-47D 

TEST  SERIES 

AND  RUN 

NUMBERS 

DESCRIPTION  OF  SERIES 

RPM 

TRIM 

START  TIME 

FINISH  TMt 

M 

HOVER-IN-GROUND-EFFECT 

225 

234 

6:47  am 

6:59  am 

N(A) 

STATIC/FLIGHT-IDLE  RPM 

225 

234 

7:01  am 

7:46  am 

N(B) 

STATIC/GROUND-IDLE  RPM 

225 

234 

7:01  am 

7:46  am 

0 

HOVER-OUT-OF-GROUND-EFFECT 

225 

234 

7:50  am 

8:04  am 

FUEL  BREAK 

A 

LFO,  500  ft. 

225 

234 

9:12  am 

9:27  am 

B 

LFO,  500  ft. 

225 

D 

9:31  am 

9:3*  am 

C 

LFO,  500  ft. 

220 

234 

9:41  am 

9:50  an 

D 

LFO,  500  ft. 

220 

234 

9:53  am 

10:07  «■ 

E 

LFO,  500  ft 

220 

234 

10:14  am 

F 

LFO,  1000  ft. 

220 

234 

12:22  pm 

12:35  pm 

H 

APPROACH  (ICAO) ,  85  kts. 

225 

234 

12:41  pm 

1:04  pm 

I 

APPROACH  (MILITARY),  70  kts. 

225 

D 

1:08  pm 

1:28  pm 

FUEL  BREAK 

G 

TAKEOFF  (ICAO),  85  kts. 

225 

234 

2:01  pm 

2:2®  pm 

J 

TAKEOFF,  85  kts. 

225 

234 

2:42  pm 

2:49  pm 

K 

APPROACH,  100  kts. 

220 

234 

2:42  pm 

2:49  pm 

L 

TAKEOFF  (MILITARY),  70  kts. 

225 

D 

2:53  pm 

2:59  pm 
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Figure  7.2 

Helicopter  Approach  Noise  Tests 
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DOCUMENTARY  ANALYSES 


8.0  Documentary  Analyses/Processing  of  Trajectory  and  Meteorological 
Data  -  This  section  contains  analyses  which  were  performed  to  document  the 
flight  path  trajectory  and  upper  air  meteorological  characteristics  during 


the  BV-234/CH-47D  test  program. 


8.1  Photo-Altitude  Flight  Path  Trajectory  Analyses  -  Data  acquired  from 
the  three  centerline  photo-altitude  sites  were  processed  on  an  Apple  lie 
microcomputer  using  a  V1SICALC®  (manufacturer)  electronic  spread  sheet 
template  developed  by  the  authors  for  this  specific  application.  The 
scaled  photo-altitudes  for  each  event  (from  all  three  photo  sites)  were 
entered  as  a  single  data  set.  The  template  operated  on  these  data, 
calculating  the  straight  line  slope  in  degrees  for  the  helicopter  position 
between  each  pair  of  sites.  In  addition,  a  linear  regression  analysis  was 
performed  in  order  to  create  a  straight  line  approximation  to  the  actual 
flight  path.  This  regression  line  was  then  used  to  compute  estimated 
altitudes  and  CPA's  (Closest  Point  of  Approach)  referenced  to  each 
microphone  location  (Note:  Photo  sites  were  offset  from  microphone  sites 
by  100  feet).  The  results  of  this  analysis  are  contained  in  the  tables  of 
Appendix  F. 


Discussion  -  While  the  photo-altitude  data  do  provide  a  reasonable 
description  of  the  helicopter  trajectory  and  provide  the  means  to  effect 
distance  corrections  to  a  reference  flight  path  (not  implemented  in  this 
report),  there  is  the  need  to  exercise  caution  in  interpretation  of  the 
data.  The  following  excerpt  makes  an  important  point  for  those  trying  to 
relate  the  descent  profiles  (in  approach  test  series)  to  resulting 
acoustical  data. 
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In  our  experience,  attempts  by  the  pilot  to  fly  down  a  very  narrow 
VASI  beam  produce  a  continuously  varying  rate  of  descent.  Thus  while 
the  mean  flight  path  is  maintained  within  a  reasonable  degree  of  test 
precision,  the  rate  of  descent  (important  parameter  connected  with 
blade/vortex  interactions)  at  any  instant  in  time  may  vary  much  more 
than  during  operat ional  flying.  (Ref.  8) 

Further,  care  is  necessary  when  using  the  regression  slope  and  the 
regression  estimated  altitude;  one  must  be  sure  that  the  site-to-site 
slopes  are  similiar  (approximate  constant  angle)  and  that  they  are  in 
agreement  with  the  regression  slope.  If  these  slopes  are  not  in  agree¬ 
ment,  then  use  photo  altitude  data  along  with  the  site-to-site  slopes  in 
calculating  altitude  over  microphone  locations. 

Also  included  for  reference  are  the  mean  values  and  standard  deviations 
for  the  data  collected  at  each  site,  for  each  series.  These  data  display 
the  variability  in  helicopter  position  within  a  given  test  series.  The 
difference  in  the  degree  of  variation  from  one  similar  test  series  to  the 
next  may  orovide  an  indication  of  changes  in  micro-meterological ,  (winds 
and  turbulence).  The  differences  in  the  degree  of  variation  from  one  type 
of  operation  to  the  next  type  of  op  eration  provides  and  indication  of 
inherent  stability  or  lackof  inherent  stability  associated  with  repetition 
of  a  nominally  identical  operation 
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8.2  Meteorological  Data  -  This  section  documents  the  course  variation  in 
upper  air  meteorological  parameters  as  a  function  of  time  for  the  June  8 
test  program. 

The  National  Weather  Service  office  in  Sterling,  Virginia  provided 
preliminary  data  processing  resulting  in  the  data  tables  shown  in  Appendix 
H.  Supplementary  analyses  were  then  under  taken  to  develop  time  histories 
of  various  parameters  over  the  period  of  testing  for  selected  altitudes. 
Each  time  history  was  constructed  using  least  square  linear  regression 
techniques  for  the  five  available  data  points  (one  for  each  launch).  The 
plots  attempt  to  represent  the  gross  (macro)  meteorological  trends  over 
the  test  period. 

Temperature:  Figure  8.1  shows  the  temperature  time  history  for  July  12, 
1983  at  the  500,  1000  and  2000  foot  levels.  Data  recieved  from  the 
National  Weather  Service  (NWS)  ground  station  reveals  that  on  July  12  a 
temperature  inversion  existed  from  6:00  to  9:00am.  Static  operations  were 
conducted  on  the  BV  234  from  7' 00  to  8:00am;  level  flyover  operations  were 
conducted  from  9:00am  to  12:00pm,  followed  by  takeoff  and  approaches 
operations. 

Acoustic  theory  states  that  during  letuperaLure  inversions,  refraction/re¬ 
flection  of  acoustical  energy  occurs,  resulting  in  meteorlogically 
influenced  noise  levels. 

Relative  Humidity:  Figure  8.2  shows  the  time  history  of  relative  humidity 
for  July  12,  1983  at  the  500,  1000  and  2000  foot  levels.  Data  recieved 
from  the  National  Weather  Service  (Dulles)  ground  station  fills  in  the 
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picture  of  relative  humidity  as  a  function  of  time  from  the  surface  to  the 
2000  foot  level.  With  this  data  it  can  be  seen  that  surface  R/H  was  932 
at  6:00am  and  finially  decreased  to  432  at  12:00pm  in  accordance  with  the 
burn  off  of  surface  moisture  due  to  solar  heating. 

Wind  Data:  Figures  8.3  and  8.4  show  the  time  histories  of  head/tail  and 
cross  wind  components  for  July  12,  1983.  From  Figure  8.3  it  is  seen  that 
there  existed  a  head  wind  of  14  knots  at  6:00am,  which  decreased  to  about 
7  knots  at  11:00am.  Static  operations  were  conducted  from  6:47am  to 
8:05am  followed  by  level  flyovers  and  then  takeoff  and  approach  opera¬ 
tions.  In  a  similar  manner  Figure  8.4  shows  a  cross  wind  magnitude  of  2 
to  3  knots  consistently  from  6:00  to  11:00am.  The  reader  should  note  that 
whether  a  head/tail  wind  was  experienced  during  a  flight  depends  on  the 
direction  of  flight,  and  in  a  similar  manner  the  same  can  be  said  for  the 
cross  wind  component. 
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EXPLORATORY  ANALYSES  AND  DISCUSSIONS 


9.0  Exploratory  Analyses  and  Discussion  -  This  section  is  comprised  of  a 
series  of  distinct  and  separate  analyses  of  the  data  acquired  during 
Boeing  Vertol  234/CH-47D  noise  measurement  program.  In  each  analysis 
section  an  introductory  discussion  is  provided  describing  pre-processing 
of  data  (beyond  the  basic  reduction  previously  described),  followed  by 
presentation  of  either  a  data  table,  graph(s),  or  reference  to  appropriate 
appendices.  Each  section  concludes  with  a  discussion  of  salient  results 
and  presentation  of  conclusions. 

The  following  list  Identifies  the  analyses  which  are  contained  in  this 
section. 

9.1  Variation  in  noise  levels  with  airspeed  for  level  flyover 
operations 

9.2  Static  data  analysis:  source  directivity  and  hard  vs.  soft 
propagation  characteristics 

9.3  Comparison  of  noise  data:  4-foot  vs.  ground  microphones 

9.4  Duration  effect  analysis 

9.5  Analysis  of  variability  in  noise  levels  for  two  sites 
equidistant  over  similar  propagation  paths 

9.6  Variation  in  noise  levels  with  airspeed  and  rate  of  descent  for 
approach  operations 

9.7  Analysis  of  ground-to-ground  acoustical  propagation  for  a 
nominally  soft  propagation  path 

9.8  Air-to-ground  acoustical  propagation  analysis 
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9.1  Variation  in  Noise  levels  for  Level  Flyover  Operations  -  This  section 


analyzes  the  variation  in  noise  levels  for  level  flyover  operations  under 
various  conditions. 

9.1.1  Variation  in  Noise  Levels  with  Different  Airspeeds  -  This  section 
analyzes  the  variation  in  noise  levels  for  level  flyover  operations  as  a 
function  of  airspeed.  Data  acquired  from  the  centerline-center  location 
(site  1)  magnetic  recording  system  (see  Appendix  A)  have  been  utilized  in 
this  analysis.  All  data  are  "as  measured",  uncorrected  for  the  minor 
variations  in  altitude  from  event  to  event. 

Discussion  -  It  has  been  observed  that  as  a  helicopter  increases  its 
airspeed,  two  acoustically  related  events  take  place.  First,  the  noise 
event  duration  is  decreased  as  the  helicopter  passes  more  quickly. 

Second,  the  source  acoustical  emission  characteristics  change.  These 
changes  reflect  the  aerodynamic  effects  which  accompany  an  increase  in 
speed.  At  speeds  higher  than  the  speed  for  minimum  power,  the  power 
required  (torque)  increases  with  an  increase  in  airspeed.  These 
influences  lead  to  a  noise  intensity  versus  airspeed  relationship 
generally  approximated  by  a  parabolic  curve.  At  first,  noise  levels 
decrease  with  airspeed,  reaching  a  minimum  at  the  speed  for  minimum 
power;  then  an  upturn  occurs  as  a  consequence  of  increasing  advancing 
blade  tip  Mach  number  effects,  which  in  turn  generate  impulsive 
noise. 

The  noise  versus  airspeed  plots  for  the  BV  234/CH-47D  are  shown  for 
various  acoustical  metrics  in  Figures  9.1  througl.  9.4,  for  the  test  series 
conducted  with  BV  234  trim  and  an  RPM  of  220.  These  plots  are  consistent 
with  the  expected  parabolic  nature  of  the  noise  versus  airspeed 
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relationship  described  above,  although  displaying  only  the  minimal 
increasing  portion  of  the  curve.  Each  plotted  point  represents  a  test 
series  average  noise  level  and  the  corresponding  target  indicated 
airspeed. 

For  other  helicopters,  it  has  been  observed  that  noise  increases  most 
rapidly  when  the  Mach  number  advances  beyond  a  value  of  about  0.80.  Table 
9.1  shows  the  relationship  between  indicated  airspeed  and  advancing  blade 
tip  Mach  number  for  the  BV  234/CH-47D  at  the  two  operational  rotor  speeds. 
Because  this  helicopter  has  a  tandem  main  rotor  system,  one  rotor  rotating 
clockwise  while  the  other  rotates  counterclockwise,  there  is  an  advancing 
(and  a  retreating)  blade  on  either  side  of  the  helicopter  at  all  times. 
This  circumstance  would  tend  to  minimize  left-side,  right-side 
differential  noise  directivity  associated  with  the  advancing  blade 
(usually  observed  for  single  main  rotor  helicopters). 

TABLE  9.1 

IAS  (KTS)  mA  (220  RPM)  MA  (225  RPM) 


100 

.76 

.77 

110 

.77 

.79 

120 

.79 

.80 

130 

.80 

.82 

140 

.82 

.83 

150 

.83 

.85 

9.1.2  Variation  in  Noise  Level  (for  a  Constant  Airspeed)  with  Variation 
in  Trim  and  Rotor  Speed  -  This  section  provides  a  glimpse  at  the  variation 
in  noise  level  with  change  in  trim  and  rotor  speed  for  a  nominally 
constant  target  airspeed.  While  a  more  extensive  matrix  of  test 
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conditions  would  be  required  to  establish  generalized  noise  level/trio  and 
noise  level/RPM  relationships,  the  results  shown  below  in  Table  9.2  do 
provide  a  starting  point. 


The  test  series  done  with  225  RPM  and  234  trio  (Series  A)  displays  lower 
levels  than  the  corresponding  series  with  CH-47D  trim.  These  results  are 
as  expected,  since  the  234  trim  is  the  Fly  Neighborly  configuration.  What 
is  surprising,  however,  is  the  lower  levels  for  series  A  compared  with  the 


lower  RPM  series  C. 
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9.2  Static  Operations:  Analysis  of  Source  Directivity  and  Hard  vs.  Soft 
Path  Propagation  Characteristics  -  This  analysis  is  comprised  of  two 
principal  components.  First,  the  plots  shown  in  Figures  9.5  through  9.8 
depict  the  time  averaged  directivity  patterns  for  various  static 
operations  for  measurement  sites  located  equidistant  from  the  hover  point. 
The  second  component  involves  the  fact  that  one  of  the  two  sites  lies 
separated  from  the  hover  point  by  a  hard  concrete  surface,  while  the  other 
site  is  separated  from  the  hover  point  by  a  soft  grassy  surface.  The 
difference  in  the  propagation  of  sound  over  the  two  disparate  surfaces  is 
reflected  in  the  difference  between  the  upper  and  lower  curves  in  each 
plot.  Figure  9.9  depicts  the  microphone  positions  and  hard  and  soft  paths 
in  relation  to  the  helicopter  movement. 

Time  averaged  (approximately  60  seconds)  data  are  shown  for  acoustical 
emission  directivity  angles  (see  Figure  6.3)  established  every  45  degrees 
from  the  nose  of  the  helicopter  (zero  degrees),  in  a  clockwise  fashion. 
Magnetic  recording  data  plotted  in  these  figures  can  be  found  in  Appendix 
C  for  microphones  5H  and  2. 

Discussion  -  The  following  paragraphs  highlight  salient  features  observed 
in  the  static  test  data. 

H1GE  -  Figure  9.5  shows  the  noise  emission  pattern  for  the  BV  234/CH-47D 
in  the  hover-in-ground  effect  (HIGE)  configuration  (approximately  feet 
above  the  ground).  This  figure  shows  dramatically  an  assymetrical 
radiation  pattern  in  which  we  see  the  maximum  noise  occurring  at  the  45' 
emission  angle,  while  the  minimum  noise  is  directed  from  the  270'  emission 
angle.  This  asymetrical  pattern  may  be  associated  with  forward/aft 
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rotor  vortex  interaction.  The  maximum  difference  in  noise  levels  due  to 
surface  characteristics  is  observed  at  the  270*  emission  angle  to  be  6 
dB.A  final  point  of  interest  in  the  HIGE  plot  is  the  generally  small 
difference  observed  between  the  hard  and  soft  propagation  paths. 


HOGE  -  Figure  9.6  shows  the  noise  emission  pattern  for  the  BV  234/CH-47D 
in  the  hover-out-of-ground  effect  (HOGE)  configuration  (approximately 
feet  off  the  ground).  As  seen  from  the  figure,  the  BV  234/CH-47D  displays 
a  noise  emission  pattern  which  appears  to  be  dominant  in  the  right 
fore-quadrant  corresponding  to  an  acoustic  emission  angle  of  45°.  The 
discontinuity  in  the  top  curve  at  the  270*  emission  angle  is  associated 
with  an  instrumentation  problem.  The  maximum  difference  in  noise  levels 
between  the  hard  and  soft  paths  is  seen  to  occur  at  the  180*  emission 
angle,  and  is  about  4  dB,  clearly  demonstrating  the  potential  reduction  in 
noise  levels  associated  with  soft  surface  characteristics. 


EMISSION  DIRECTIVITY  ANGLE  EMISSI0H  DIRECTIVITY  ANGLE 


FIGURE  9.5 


FIGURE  9.6 
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Ground  Idle  -  Figure  9.7  shows  the  acoustic  emission  pattern  for  the  BV 


234/CH-47D  in  the  ground  idle  (GI)  configuration.  In  this  figure,  the 
left  side  of  the  helicopter  is  seen  to  be  noisier  than  the  right.  This 
result  is  most  likely  associated  with  changes  in  the  acoustical  spectrum 
which  occur  with  the  lower  rotor  RPM  utilized  in  this  configuration.  The 
maximum  noise  level  is  seen  to  occur  at  the  225°  emission  angle.  The 
maximum  difference  noise  levels  due  to  surface  characteristics  is  about  8 
dB  occurring  to  either  side  of  the  tail,  at  the  135°  and  225*  emission 
angles. 


Flight  Idle  -  Figure  9.8  shows  the  acoustic  emission  pattern  for  the  BV 
234/CH-47D  in  the  flight  idle  (FI)  configuration.  This  figure  shows  a 
nearly  omni-directional  radiation  pattern  as  observed  for  the  soft  site. 

In  the  hard  path  scenario,  one  observes  a  maximum  occurring  on  either  side 
of  the  tail  in  an  almost  symmetrical  manner.  The  maximum  difference  in 
noise  levels  between  hard  and  soft  paths  is  6  to  8  dB,  occurring  at  the 
135*  emission  angle. 


FIGURE  9.7 


FiGURE  9.8 


EMISSION  DIRECTIVITY  ANGLE 
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Environmental  Impact  -  Table  9.3,  shown  below,  presents  observations 


concerning  noise  impact  and  acceptability  and  are  based  on  consideration 
of  typical  urban/community  ambient  noise  levels  and  the  levels  of  urban 
transportation  noise  sources.  Interpretations  assume  that  event  durations 
reflect  static  operational  scenarios  (usually  1  minute  to  15  minutes).  In 
general,  the  interpretation  of  environmental  impact  requires  careful 
consideration  of  the  ambient  sound  levels  in  the  vicinity  of  the  specific 
heliport  under  consideration.  A  useful  document  for  further 
interpretation  is  Reference  9. 


Table  9.3 


A-Weighted  Noise  Level  Ranges 


60 

dB  - 

Mid 

60's  - 

70 

dB  - 

Mid 

70's  - 

80 

dB  - 

Mid 

80's  - 

90 

dB  - 

Urban  ambient  noise  level 

Urban  ambient  noise  level 

Noise  level  of  minor  concern 

Moderately  intrusive  noise  level 

Clearly  Intrusive  noise  level 

Potential  Problems  due  to  noise 

Noise  level  to  be  avoided  for  any  length  of  time. 
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Helicopter  Hover 


Helicopter  Rotates  in  45°  Steps 
8  Microphone  Positions 


9.3  Comparison  of  Measured  Sound  Levels:  4  Foot  vs.  Ground  Microphones  - 
This  analysis  addresses  the  comparability  of  noise  levels  measured  at 
ground  level  and  at  4  feet  above  the  ground.  The  topic  is  discussed  in 
the  context  of  noise  certification  testing  requirements.  The  analysis 
involves  examination  of  differences  between  noise  levels  acquired  for 
ground  mounted  end  4-ft  mounted  microphone  systems.  The  objectives  of 
this  analysis  are:  1)  observe  the  value  and  variability  of  ground/4-ft 
microphone  differences  and  identify  the  degree  of  phase  coherence  and  2) 
examine  the  variation  with  operational  configuration. 

The  data  employed  in  this  analysis  are  from  the  microphone  site  #1 
magnetic  recording  system  (Appencix  A).  The  mean  differences  between  the 
ground  and  four  foot  microphones  are  shown  in  Table  9.4  for  twelve 
different  test  series. 

In  conducting  this  analysis,  our  initial  assumption  was  that  the 
ground-mounted  microphone  experiences  phase  coherent  pressure  doubling  (a 
reasonable  assumption  at  the  frequencies  of  interest).  At  the  4-foot 
microphone  one  would  expect  to  see  a  lower  value,  somewhere  within  the 
range  of  0  to  3  dB,  depending  on  the  degree  of  random  verses  coherent 
phase  between  incident  and  reflected  sound  waves.  It  is  also  possible  to 
experience  phase  cancellation  between  the  two  sound  naths.  If 
cancellation  occurs  at-  dominant  frequencies,  then  one  is  likely  to  observe 
noise  levels  at  the  4-foot  microphone  more  than  3  dB  below  the  ground 
microphone  values.  In  fact,  significant  cancellation  is  obst~ved  with 
instances  of  5.2  dB  (weighted  metric)  lower  levels  at  the  4-foot 
microphone.  Figure  9.10  provides  a  schematic  of  the  various  "difference 
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regions"  associated  with  different  relationships  between  incident  and 
reflected  sound  waves. 

Discussion  -  It  is  argued  that  acquisition  of  data  from  ground-mounted 
microphones  provides  a  cleaner  spectrum,  closer  to  the  spectrum  actually 
emitted  by  the  helicopter — that  is,  not  influened  by  a  mixture  of 
constructive  and  destructive  ground  reflections.  Theoretically,  one  would 
be  interested  in  correcting  ground-based  data  to  levels  expected  at  4  feet 
or  vice  versa  in  order  to  maintain  equally  stringent  regulato'  policy. 

In  other  words,  to  change  a  certification  limit  at  a  4-ft  microphone  to 
fit  a  ground-based  microphone  test,  one  theoretically  would  have  to 
increase  the  limit  by  an  amount  necessary  to  maintain  equal  stringency. 
Examination  of  the  results  in  Table  9.4  show  that  most  differences  do  fall 
between  3  and  5  dB.  These  results  are  consistent  with  theory  and  suggest 
that  a  degree  of  cancellati  m  typiclly  accompanies  the  3  dB  difference  one 
would  expect  for  random  versus  coherent  phase  relationships. 

The  variability  in  test  results  between  operations  modes  displays  no  clear 
pattern.  The  variation  In  difference  in  vajues  can  be  considered  to 
reflect  differences  in  the  "acoustical  angle"  or  the  angle  of  incidence  at 
the  time  of  the  maximum  noise.  These  geometrical  factors  are  also  joined 
by  differer.  es  in  spectral  content  in  influencing  resulting  sound  level 
values. 


70 


FIGURE  9.10 


RELATIONSHIP  BETWEEN  INCIDENT  AND  REFLECTED  SOUND  WAVES 
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CANCELLATION  REGION  FOR  4  FT.  MIC 


RANDOM  PHASE  RELATIONSHIP 


REINFORCEMENT  REGION  FOR  4  FT.  MIC 


TOTAL  REINFORCEMENT  FOR  4  FT.  MIC 


TABLE  9. A 
COMPARISON  OF 

GROUND  AND  4  FT.  <1.2  N)  MICROPHONE  DATA 


TARGET 

TEST 

SAMPLE 

IAS 

SERIES 

OPERATION 

SIZE 

<KTS) 

A 

500 'LFO 

6 

135 

B 

500'LFO 

4 

135 

C 

500 7 LFO 

4 

135 

D 

500 7 LFO 

5 

120 

E 

500'LFO 

4 

105 

F 

lOOO'LFO 

4 

135 

6 

ICAO  T/0 

6 

85 

H 

ICAO  APP 

6 

85 

I 

M1L.APP 

4 

70 

1 

TAKEOFF 

3 

85 

K 

APP 

4 

100 

L 

MIL.  T/9 

3 

70 

WEIGHTED  AVERAGE 

DELTA  dB  =  (END  NIC.!  minus  <4  FT.  MIC.) 


SEL 

AL 

EPNL 

PNLTN 

4.4 

4.1 

5 

5.1 

4.2 

4 

4.8 

4.7 

4.1 

3.9 

4.5 

4.7 

4.3 

4.2 

4.9 

4.6 

4.2 

4 

4.4 

4.3 

3.9 

3.5 

4.9 

4.4 

3.8 

3.5 

3.7 

3.6 

3,8 

4.1 

3.7 

3.8 

3.8 

4.5 

3.7 

4.4 

4.4 

4.5 

4.9 

4.7 

3.8 

4 

3.7 

3.9 

4.8 

4.9 

5.2 

4.8 

4.1 

4.05 

4.4 

4.38 
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9.4  Analysis  of  Duration  Effects  -  This  section  consists  of  three  parts 


each  developing  relationships  and  insights  useful  in  adjusting  from  one 
acoustical  metric  to  another  (typically  from  a  maximum  level  to  an  energy 
dose).  Each  section  quantitatively  addresses  the  influence  of  the  event 
duration. 

9.4.1  Relationships  Between  SEL,  AL  and  T-10  -  This  analysis  explores  the 
relationship  between  the  helicopter  noise  event  (intensity)  time-history, 
the  maximum  intensity,  and  the  total  acoustical  energy  of  the  event.  Our 
interests  in  this  endeavor  include  the  following: 

1)  It  is  often  necessary  to  estimate  an  acoustical  metric  given  only 
part  of  the  information  required. 

2)  The  time  history  duration  is  related  to  the  ground  speed  and 
altitude  of  a  helicopter.  Thus  any  data  adjustments  for  different  alti¬ 
tudes  and  speeds  will  affect  duration  time  and  consequently  the  SEL 
(energy  metric).  The  requirement  to  adjust  data  for  these  effects  often 
arises  in  environmental  impact  analyses  around  heliports.  In  addition, 
the  need  to  implement  data  corrections  in  helicopter  noise  certification 
tests  further  warrants  the  study  of  duration  effects. 

Two  different  approaches  have  been  utilized  in  analyzing  the  effect  of 
event  10-dB-down  duration  (DURATION  or  ^10)  on  the  accumulated  energy 
dose  (Sound  Exposure  Level). 

Both  techniques  are  empirical,  each  employing  the  same  input  data  but 
using  a  different  theoretical  approach  to  describe  duration  influences. 
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The  fundamental  question  one  may  ask  is  "If  we  know  the  maximum  A-weighted 
sound  le”el  and  we  know  the  10-dB-down  duration  time,  can  we  with 
confidence  estimate  the  acoustical  energy  dose,  the  Sound  Exposure  Level?" 
A  rephrasing  of  this  question  might  be:  If  we  know  the  SEL,  the  AL,  and 
the  10-dB-down  duration  time  (DURATION),  can  we  construct  a  universal 
relationship  linking  all  three? 

Both  attempts  to  establish  relationships  involve  taking  the  difference 
between  the  SEL  and  AL  (delta),  placing  the  delta  on  the  left  side  of  the 
equation  and  solving  as  a  function  of  duration.  The  form  which  this 
function  takes  represents  the  differences  in  approach. 

In  the  first  case,  one  assumes  that  delta  equals  some  constant  K(DUR) 
multiplied  by  the  base  10  logarithm  of  DURATION,  i.e., 

SEL  -  AL  *  K(DUR)  x  LOG(DURATION) 

In  the  second  case,  we  retain  the  10  x  LOG  dependency,  consistent  with 
theory,  while  achieving  the  equality  through  the  shape  factor,  Q,  which  is 
some  value  less  than  unity  i.e.,  SEL-AL  =  10  x  L0G(Q  x  DURATION).  In  a 
situation  where  the  flyover  noise  event  time  history  was  represented  by  a 
step  function  or  square  wave  shape,  we  would  expect  to  see  a  value  of  Q 
equaling  precisely  one.  However,  we  know  chat  the  time  history  for 
typical  non-impulsive  events  is  much  closer  in  shape  to  an  isosceles 
triangle  and  consequently  likely  to  have  a  Q  much  closer  to  0.5. 

Another  possible  use  of  this  analytical  approach  for  the  assessment  of 
duration  effects  is  in  correcting  noise  certification  test  data  which  were 
acquired  under  conditions  of  nonstandard  ground  speed  and/or  distance. 
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Discussion  -  Each  of  the  noise  template  data  tables  lists  both  of  the 
duration  related  figures  of  merit  for  each  individual  event  (see  Appendix 
B).  One  immediate  observation  is  the  apparent  insensitivity  of  the 
metrics  to  changes  in  operation,  and  the  extremely  small  variation  in  the 
range  of  metric  values,  nearly  a  constant  Q  *  0.5  and  a  stable  K(A)  value 
of  approximately  7.0.  Data  have  been  plotted  in  Figure  9.11  which  show 
the  minor  variation  of  both  metrics  with  airspeed  for  level  flyover 
operations  recorded  at  microphone  site  1  direct  read  system.  The  lack  of 
variation  in  the  parameters,  suggests  that  a  simple  and  nearly  constant 
dependency  exists  between  SEL,  AL,  and  log  DURATION,  relatively  unaffected 
by  changes  in  airspeed,  in  turn  suggesting  a  consistent  time  history  shape 
for  the  range  of  airspeeds  evaluated  in  this  test.  As  SEL  increases  with 
airspeed,  the  increase  appears  to  be  related  to  increase  in  AL^  but 
mitigated  in  part  by  reduced  duration  time  (and  a  nearly  constant 
X(A)-7). 

FIGURE  9.11 
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It  is  interesting  to  note  that  similar  results  were  found  for  other 
helicopters  (Ref.  10,  11,  12,  13,  14,  15),  suggesting  that  different 
helicopter  models  will  have  similar  values  for  K  and  Q*  This  implies  that 
it  would  not  be  necessary  to  develop  unique  constants  for  different 
helicopter  models  for  use  in  implementing  duration  corrections. 
Notwithstanding,  caution  is  raised  to  avoid  drawing  any  firm  conclusions. 
The  possibility  exists  that  this  particular  analytical  technique  lacks  the 
sensitivity  necessary  to  detect  distance  and  speed  functionality. 

9.4.2  Estimation  of  10  dB  Down  Duration  Time  -  In  some  cases,  one  does  not 
have  access  to  10  dB  down  duration  time  (DURATION)  information.  A 
moderate  to  highly  reliable  technique  for  estimating  DURATION  for  the  BV 
234/CH-47D  is  developed  empirically  in  this  section. 

The  distance  from  the  helicopter  to  the  observer  at  the  closest  point  of 
approach  (expressed  in  feet)  divided  by  the  airspeed  (expressed  in  knots) 
yields  a  ratio,  hereafter  referred  to  as  (D/V).  This  ratio  has  been 
compiled  for  various  test  series  for  microphone  sites  1,  2  and  3  and  has 
been  presented  in  Table  9.5  along  with  the  average  DURATION  expressed  in 
seconds.  A  linear  regression  was  performed  on  each  data  set  in  Table  9.5 
and  those  results  are  also  displayed  in  Table  9.5.  Here  one  observes 
generally  high  correlation  coefficients,  in  the  range  of  0.67  to  0.94. 

The  regression  equations  relating  DURATION  with  D/V  are  given  as 

Centerline  center,  Microphone  Site  1: 

T10  -  [1.75  x  (D/V)]  +  4.0 

Sideline  South,  Microphone  Site  2: 

T10  -  [1.84  x  (D/V)  ]  +  4.0 

Sideline  North,  Microphone  Site  3: 

T10  -  [0.95  x  (D/V))  -!■  1.1 

Because  the  regression  analyses  were  conducted  for  a  population  consisting 
of  all  test  series  using  trim  and  220  RPM  (which  Involved  the  operations 
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TABLE  9.5 


HELICOPTERS  0OEIN6-VERTOL  CH-47D 
SITE  I 


COCKPIT 

PHOTO 


TEST 

DATA 

m 

AUG 

SERIES 

V  AVG 

DUR(A) 

EST  ALT 

DA) 

C 

135 

10.1 

509.7 

3.8 

D 

121.25 

11.5 

487.2 

4 

E 

103.6 

14.7 

507.3 

4.9 

F 

134.25 

16.1 

930.6 

6.9 

K 

90.5 

10.7 

456.7 

5 

SITE  2 


C 

135 

12.7 

708.5 

5.2 

D 

121.25 

15.2 

692.5 

5.7 

E 

103.6 

17.4 

707.3 

6.8 

F 

134.25 

18 

1052.7 

7.8 

K 

90.5 

17.2 

671.3 

7.4 

SITE  3 


C 

135 

12 

710.5 

5.3 

0 

121.25 

13.4 

692.5 

5.7 

E 

103.6 

16 

707 

6.8 

F 

134.25 

15 

1052.3 

7.8 

K 

90.5 

13.6 

667.7 

7.4 

DURATION  (MS)  REGRESSION  ON  D/V 


LINEAR 

REGRESSION 


SLOPE  1.75 
INTERCEPT  4.01 
R  SQ.  .67 
R  .82 
SAMPLE  5 


SLOPE  1.84 
INTERCEPT  4 
R  SQ.  .88 
R  .94 
SAMPLE  S 


SLOPE  .96 
INTERCEPT  7.69 
R  SQ.  .44 
R  .67 
SAMPLE  S 
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in  both  directions — test  series  C,  D,  E,  F  and  K) ,  it  is  not  possible  to 
comment  on  left-right  side  acoustical  directivity  of  the  helicopter. 


Synthesis  of  Results  -  It  is  now  possible  to  merge  the  results  of  Section 
9.4.1  with  the  finding  above  in  establishing  a  relationship  between  (D/V) 
and  SEL  and  AL.  Given  the  approximation 

SEL  =  AL  +  (10  x  LOG (0. 50  x  DURATION)) 

It  is  possible  to  insert  the  computer  value  for  ^10  (DURATION)  into  the 
equation  and  arrive  at  the  desired  relationship. 

9.4.3  Relationship  Between  SEL  Minus  AL  and  the  Ratio  D/V  -  The 
difference  between  SEL  and  ALj^  or  conversely,  EPNL  and  PNLT^  (in  a 
certification  context)  is  referred  to  as  the  DURATION  CORRECTION.  This 
difference  is  clearly  controlled  by  the  event  T10  (10  dB  down  duration 
time)  and  the  acoustical  energy  contained  within  those  bounds.  As 
discussed  in  previous  sections,  the  Tl0  is  highly  correlated  with  the 
ratio  D/V.  This  analysis  establishes  a  direct  link  between  D/V  and  the 
DURATION  CORRECTION  in  a  manner  similar  to  that  employed  in  Section  9.4.2. 
Table  9.6  provides  a  summary  of  data  used  in  regression  analyses  for 
microphones  1,  2  and  3  along  with  the  slope,  intercept,  correlation 
coefficient  and  other  statistical  information. 

One  observes  a  very  strong  correlation  at  one  sideline  site  (R=0.S9)  and  a 
virtually  nonexistent  value  (R=0.18)  at  the  other  site.  Meanwhile  the 
centerline  site  also  displays  a  low  correlation  coefficient,  R-0.56.  As 
mentioned  in  Section  9.4.2,  it  is  difficult  to  comment  explicitly  on 
source  directivity  because  operations  were  conducted  in  both  directions. 
Regardless,  one  can  see  that  centerline/side) ine  differences  do  exist. 

The  reader  is  cautioned  not  to  expect  these  relat inships  to  necessarily 
hold  for  D/V  ratios  beyond  the  range  explored  in  these  analyses. 


TABLE  9-6 


HELICOPTER!  B0E1N6-VERT0L  CH-47D  SEL-ALn  REGRESSION  ON  O/V 

SITE  1 


TEST 

COCKPIT 

PHOTO 

DATA 

AYG 

AYG 

SERIES 

Y  AMG 

SEL-ALa 

EST  ALT 

C 

13S 

7.3 

509.7 

D 

121.25 

7.4 

487.2 

E 

103.6 

8.4 

507.3 

F 

134.25 

8.8 

930.6 

K 

90.5 

6.4 

456.7 

SITE  2 

C 

135 

7.9 

708.5 

D 

121.25 

8.7 

692.5 

E 

103.6 

9.3 

707.3 

F 

134.25 

9.3 

1052.7 

K 

90.5 

9.2 

671.3 

SITE  3 

C 

135 

7.7 

710.5 

D 

121.25 

8.2 

692.5 

E 

103.6 

8.7 

707 

F 

134.25 

8.1 

1052.3 

K 

90.5 

7.8 

667.7 

LINEAR 

REGRESSION 

0/V 

3.8 

SLOPE 

.43 

4 

INTERCEPT 

5.58 

4.9 

R  SQ. 

.32 

6.9 

R 

.56 

5 

SAMPLE 

5 

5.2 

SLOPE 

.49 

5.7 

INTERCEPT 

5.68 

6.8 

R  SO. 

.8 

7.8 

R 

.89 

7.4 

SAMPLE 

5 

5.2 

SLOPE 

.07 

5.7 

INTERCEPT 

7.66 

6.8 

R  SQ. 

.03 

7.8 

R 

.18 

7.4 

SAMPLE 

5 
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9.5  Analysis  of  Variability  in  Noise  Levels  for  Two  Sites  Over  Similiar 
Propagation  Paths  -  This  analysis  examines  the  differences  in  noise  levels 
observed  for  two  sites  each  located  500  feet  away  from  the  hover  point 
over  similar  terrain.  The  objective  of  the  analysis  was  to  examine 
variability  in  noise  levels  associated  with  ground-to-ground  propagation 
over  nominally  similar  propagation  paths.  The  key  word  in  the  last 
sentence  was  nominally, .. .in  fact  the  only  difference  in  the  propagation 
paths  is  that  microphone  1H  was  located  in  a  slight  depression,  (elevation 
is  minus  2.5  feet  relative  to  the  hover  point),  while  site  2  has  an 
elevation  of  plus  0.2  feet  relative  to  the  hover  point.  This  is  a  net 
difference  of  2.7  feet  over  a  distance  of  500  feet.  This  configuration 
serves  to  demonstrate  the  sensitivity  of  ground-to-ground  sound 
propagation  over  minor  terrain  variations. 

Discussion  -  The  results  presented  in  Tables  9.7,  9.8,  9.9  and  9.10  show 
the  observed  differences  in  time  averaged  noise  levels  for  each  of  four 
static  operations.  In  each  table,  data  are  shown  for  eight  directivity 
angles  and  the  spacial  average.  In  each  case,  magnetic  recording  data 
(Appendix  C)  have  been  used  in  the  analyses.  It  is  observed  that  only 
minor  differences  in  noise  level  occur  during  all  operational  scenaiios  (1 
to  1.5  dB)  with  the  exception  of  ground  idle,  where  differences  of  2  to  4 
dB  are  observed. 

The  most  remarkable  aspect  of  these  results  is  the  small  difference  in 
noise  levels  for  3  out  of  4  static  operations.  In  every  other  report  in 
this  series  (six  other  helicopters),  very  large  differences  have  been 
observed  (4  to  10  dB).  The  results  for  ground  idle  for  the  BV  234/CH-47D 
actually  reflect  the  type  of  differences  previously  seen.  It  is  wortn 
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noting  here  that  the  reduced  rotor  RPM  associated  with  ground  idle 
operations  allows  more  engine  noise  (higher  frequency  sound)  to  dominate 
resulting  A-weighted  spectra. 

First,  let  us  consider  why  such  relatively  small  differences  are  observed 
here.  The  BV  234/CH-47D  rear  tandem  rotor  lies  in  a  plane  approximately 
18  feet  off  the  ground,  thus  establishing  a  higher  angle  of  incidence  for 
projected  acoustical  energy.  Other  helicopters  in  this  test  program  have 
rotors  7  to  9  feet  off  the  ground.  Additional  reasons  for  the  good 
agreement  could  include  the  dominant  influence  of  low  frequency  energy  and 
the  lesser  sensitivity  to  meteorological  effects. 

Reasons  for  differences  in  sound  levels  are  somewhat  easier  to  propose. 

It  is  speculated  that  very  minor  variations  in  site  elevation  (and 
resulting  microphone  placement)  lead  to  site-to-site  differences  in  the 
measured  noise  levels  for  static  operations.  Differences  in  microphone 
height  result  in  different  positions  within  the  interference  pattern  of 
incident  and  reflected  sound  waves.  It  is  also  appropriate  to  consider 
whether  variation  in  the  acoustical  source  characteristics  with  time  may 
contribute  to  noise  level  differences.  In  this  analysis,  magnetic 
recording  data  from  microphone  site  2  are  compared  with  data  recorded  at 
site  1H  approximately  one  minute  later.  That  is,  the  helicopter  rotated 
45  degrees  every  sixty  seconds,  in  order  to  project  each  directivity  angle 
(there  i°  a  45  degree  separation  between  the  two  sites).  In  addition  to 
source  variation,  it  is  also  possible  that  the  helicopter  heading,  based 
on  magnetic  compass  readings  may  have  been  slightly  different  in  each 
case,  resulting  in  the  projection  of  different  intensities  and  accounting 
for  the  observed  differences.  A  final  item  of  consideration  is  the 
possibility  of  refraction  of  sound  waves  (due  to  thermal  or  wind 
gradients)  resulting  in  shadow  regions. 
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TABLE  9.? 


COMPARISON  OF 

NOISE  VERSUS  DIRECTIVITY  ANGLES 
FOR 

TWO  SOFT  SURFACES 

HELICOPTER:  BOEJNG-VERTOL  CH-47D 
OPERATION!  HOVER-IN-GROUND-EFFECT 


DIRECTIVITY  ANGLES  (DE6REES) 

Lav (360  DEGREE) 

SITE 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY 

ARITH. 

LEO 

LEO 

LEO 

LEO 

LEO 

LEO 

LEO 

LEO 

LEO 

LEQ 

SOFT  1H 

75.2 

81.4 

74.2 

77.8 

75.7 

76 

68.7 

74.4 

76.6 

75.4 

SOFT  2 

75.6 

83.5 

72.8 

79 

76  5 

76.3 

66 

75.9 

77.8 

75.7 

DELTA  dB 

.4 

2.1 

1.4 

1.2 

.8 

.3 

2.7 

1.5 

1.2 

.3 

TABLE  9.8 


COMPARISON  OF 

NOISE  VERSUS  DIRECTIVITY  ANGLES 
FOR 

TUO  SOFT  SURFACES 

HELICOPTER:  BOEING-VERTOL  CH-47D 
OPERATION:  HOVER-OUT-OF-GROUND-EFFECT 


DIRECTIVITY  ANGLES  (DEGREES) 


Lav (360  DEGREE' 


SITE 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY 

ARITH. 

LEQ 

LEQ 

LEQ 

LEQ 

LEQ 

LEQ 

LEQ 

LEQ 

LEQ 

LEQ 

SOFT  1H 

79.6 

84.3 

83.8 

84.4 

NA 

81.4 

82.7 

81.4 

82.8 

82.5 

SOFT  2 

79.6 

86.2 

85.4 

85.5 

82.2 

83.9 

82.3 

82.4 

83.9 

83.4 

DELTA  dB 

0 

1.9 

1.6 

1.1 

2.5 

.4 

1 

1.1 

.9 
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TABLE  9.9 


COMPARISON  OF 

NOISE  VERSUS  DIRECTIVITY  ANGLES 
FOR 

TWO  SDR  SURFACES 

HELICOPTER:  BOEIN6-VERTQL  CIH7D 
OPERATION:  FLIGHT  IDLE 


DIRECTIVITY  ANGLES  (DEGREES) 


Lav (360  DE6REE) 


SITE 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY 

ARITH. 

LEO 

LEO 

LEO 

LEO 

LEO 

LEO 

LEO 

LEO 

LEO 

LEQ 

SOFT  1H 

68.5 

72.3 

70.5 

69.8 

66.7 

68.2 

66 

69.9 

69.4 

69 

SOFT  2 

69.4 

69.3 

69.6 

70.6 

70.3 

72.3 

68.8 

71.1 

70.3 

70.2 

DELTA  dB 

.9 

3 

.9 

.8 

3.6 

4.1 

2.8 

1.2 

.9 

1.2 

TABLE  9.10 


COMPARISON  OF 

NOISE  VERSUS  DIRECTIVITY  AN6LES 
FDR 

TWO  SOFT  SURFACES 

HELICOPTER:  BOEING-VERTOL  CH-47D 
OPERATION:  GROUND  IDLE 


direct:  .n 

ANGLES  (DE6REES) 

Lav (360  DEGREE) 

SITE 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY 

ARITH. 

LEQ 

LEO 

LEO 

LEQ 

LEO 

LEO 

LEO 

LEQ 

LEO 

LEQ 

SOFT  1H 

62.8 

63.2 

56.3 

59 

59.1 

63.2 

61.8 

60.: 

61.2 

60.7 

SOFT  2 

66.9 

64.5 

58.9 

61 

62.8 

65.9 

63.2 

64.1 

64 

63.4 

DELTA  dB 

4.1 

1.3 

2.6 

2 

3.7 

2.7 

1.4 

3.9 

2.8 

2.7 
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9.6  Variation  in  Noise  Levels  with  Airspeed  for  Approach  Operations  - 


This  section  examines  the  change  in  noise  levels  with  variation  in 
appproach  angle,  RPM,  and  trim  configuration  for  the  BV  234/CH-47D  in  the 
approach  mode. 

Data  shown  in  Table  9.11  have  been  corrected  for  altitude  deviations  from 
the  reference  ICAO  approach  (test  series  H)  for  each  microphone  site. 

Each  of  these  three  test  series  represents  a  unique  mixture  of  RPM, 
airspeed  and  trim  configuration.  While  this  analysis  represents  only 
three  points  within  the  5-dimensional  space  defined  by  (1)  noise  level, 

(2)  trim,  (3)  rotor  RPM,  (4)  rate  of  descent  and  (5)  airspeed,  the  results 
do  provide  a  starting  point  for  mapping  generalized  relationships. 

One  of  the  physical  phenomena  governing  noise  levels  in  the  approach 
operation  is  the  collision  of  vortices  from  the  forward  rotor  with  the  aft 
rotor  blade  as  shown  in  Figure  9.12.  As  one  might  expect,  changing  the 
relative  tilt  (or  trim)  of  the  respective  rotors  will  influence  the  degree 
of  vortex-blade  interaction. 

Significant  findings  include  the  apparent  (relative)  lower  levels  for  test 
series  H  as  opposed  to  series  I  and  K.  The  site  1  differential  in  SEL 
between  series  H  and  I  is  more  than  5  dB.  While  further  work  would  be 
required  to  establish  the  optimal  "Fly  Neighborly"  approach  operational 
regime,  one  can  clearly  identify  series  H  as  a  relatively  less  noisy 
configuration  for  some  on  track  noise  sites.  It  is  interesting  to  note 
that  noise  levels  observed  at  other  centerline  sites  did  not  display  the 
sensitivity  to  operational  modes  as  did  the  levels  observed  at  site  1. 
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TABLE  9.11 


BV  234/CH-47D  APPROACH  DATA 


TEST  DESCRIPTION  SITE  5  SITE  1  SITE  4 


SERIES 

RPM 

IAS 

TRIM 

APP  ANG 

SEL 

DBA 

SEL 

DBA 

SEL 

DBA 

H 

225 

85 

234 

6' 

98.6 

91.9 

97.9 

90.9 

96.8 

89.0 

I 

225 

70 

CH-47D 

6' 

99.8 

93.1 

103 

96.2 

97.7 

89.8 

K 

220 

100 

234 

3' 

98.3 

92.4 

101.5 

95.3 

95.9 

89.2 

In  the  context  of  the  "Fly  Neighborly"  program,  it  is  worth  acknowledging 
the  potential  tradeoff  (and  classic  problem)  of  diminishing  noise  levels 
at  one  location  while  increasing  or  not  affecting  noise  levels  at  another. 
A  recent  study  conducted  in  France  (ref.  16)  included  a  matrix  of  24 
microphones.  While  cost  and  logistical  constraints  make  t-his  unrealistic 
for  evaluation  of  each  civil  transport  helicopter,  one  would  be  prudent  to 
evaluate  several  centerline  and  sideline  microphone  locations  in  any 
in-depth  "Fly  Neighborly"  flight  test. 

Two  final  points  of  concern  in  developing  "Fly  Neighborly"  procedures  are 
safety  and  passenger  comfort.  Rates  of  descent,  airspeed,  initial  apprach 
altitude  and  "engine-out"  performance  are  all  factors  requiring  careful 
consideration  in  establishing  a  noise  abatement  approach.  Finally,  while 
certain  operational  modes  may  significantly  reduce  noise  levels,  there  may 
be  an  unacceptable  acceleration/deceleration  or  rate  of  descent  imposed  on 
passengers.  This  matter  is  clearly  an  important  concern  in  commercial  air 
shuttle  operations. 
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9. 7  Analysis  of  Ground-to-Ground  Acoustical  Propagation 


9.7.1  Soft  Propagation  Path  -  This  analysis  involves  the  empirical 
derivation  of  propagation  constants  for  a  nominally  level,  "soft"  path,  a 
ground  surface  composed  of  mixed  grasses.  As  discussed  in  previous 
analyses,  there  are  several  physical  phenomena  that  influence  the 
diminution  of  sound  over  distance.  Among  these  phenomena,  spreading  loss, 
ground-to-ground  attenuation  and  refraction  are  considered  dominant  in 
controlling  the  observed  propagation  constants. 

A-weighted  Leq  data  for  the  four  static  operational  modes-  H1GE,  HOGE, 
Flight  Idle,  and  Ground  Idle-  have  been  analyzed  in  each  case  for  eight 
different  directivity  angles.  Direct  read  acoustical  data  from  sites  2 
and  4H  have  been  used  to  calculate  the  propagation  constants  (K)  as 
follows: 

K  =  (Leq(site  2)  -  Leq(site  4))/Log  (2/1) 
where  the  Log  (2/1)  factor  represents  the  doubling  of  distance  dependency 
(Site  2  is  492  feet  and  site  4H  is  984  feet  from  the  hover  point). 

For  each  mode  of  operation,  the  average  (over  various  directivity  angles) 
propagation  constant  has  also  been  computed.  The  data  used  in  this 
analysis  (derived  from  Appendix  C)  are  displayed  in  Table  9.12  and  the 
results  are  summarized  in  Table  9.13. 

Discussion  -  The  results  shown  in  Table  9.13  exhibit  extreme  variation 
from  one  operational  mode  to  the  next.  The  higher  angle  operations  HIGE 
and  HOGE  display  propagation  constants  one  would  expect  for  a  low-frequen- 
cy-dorainated  spherical  spreading  (air  to  ground  propagation)  scenario. 
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For  these  operational  modes,  the  general  relationship  AdB  =  21  log 
(dl/d2)  provides  a  working  approximation  for  calculating  ground-to-ground 
diminution  of  A-weighted  sound  levels  over  nominally  soft  paths  out  to  a 
distance  of  1000  feet.  In  the  case  of  the  low  angle  (wheels  on  the 
ground)  propagation  scenarios  where  rotor  noise  is  diminished  and  turbine 
engine  noise  is  more  dominant,  one  observes  very  high  rates  of  attenuation 
undoubtedly  associated  with  absorption  of  high  frequency  energy. 

9.7.2  Hard  Path  Propagation  -  This  part  of  the  analyses  involves  the 
empirical  derivation  of  constants  for  sound  propagation  over  a  "hard" 
propagation  path,  a  concrete,  composite  taxi-way  surface.  The  analytical 
methods  described  above  (Section  9.7.1)  are  applicable  using  data  from 
sites  5H  and  7H,  respectively  492  and  717  feet  from  the  hover  site.  The 
data  used  in  this  analyses  (derived  from  Appendix  D)  are  shown  in  Table 
9.14  and  the  results  are  summarized  in  Table  9.15.  The  salient  feature  of 
this  scenario  is  the  presence  of  a  ground  surface  which  is  highly 
reflective  and  uniform  in  composition. 
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TABLE  9.12 


DATA  UTILIZED  IN  COMPUTING  EMPIRICAL 
PROPAGATION  CONSTANTS  <10 


FOR  SDR  SITES 
4H  &  2 

BOE 1NG-VERT0L  CH-47D 
7-12-83 


SITE  4H 


HI6E 

FLT.10LE 

M-90 

75.90 

N-90A 

58.80 

M-45 

76.50 

N-45A 

53.90 

M-0 

62.00 

N-OA 

56.00 

M-315 

69.20 

N-315A 

54.30 

M-270 

74.50 

N-270A 

56.40 

M-225 

77.30 

N-225A 

56.88 

M-180 

68.50 

N-180A 

57.20 

M-135 

75.30 

N-135A 

55.50 

GRN.1DLE 

HOGE 

N-90B 

51.00 

0-90 

73.20 

N-45B 

47.70 

0-45 

75.90 

N-OB 

48.10 

0-0 

76.70 

N-315B 

52.00 

0-315 

78.00 

N-270B 

49.40 

0-270 

76.00 

N-225B 

49.30 

0-225 

79.00 

N-130B 

49.40 

0-180 

79.00 

N-135B 

48.50 

0-135 

78.70 

SITE  2 
H1GE 

M-90  76.40 
M-45  77.50 
M-0  67.20 
M-315  77.60 
M-270  77.70 
M-225  80.80 
M-180  73.90 
M-135  84.80 


FLT.1DLE 

GND.1DLE 

N-90A 

70.80 

N-90B 

N-45A 

72.80 

N-45B 

N-OA 

69.90 

N-OB 

N-315A 

73.40 

N-315B 

N-270A 

71.10 

N-270B 

N-225A 

70.80 

N-225B 

N-180A 

70.50 

N-180B 

N-135A 

70.20 

N-135B 

HOGE 

64.60 

0-90 

80.20 

65.60 

0-45 

82.50 

64.60 

0-0 

82.80 

66.60 

0-315 

84.20 

64.10 

0-270 

82.70 

61.20 

0-225 

86.20 

58.70 

0-180 

86.10 

66.20 

0-135 

84.40 
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TABLE  9.13 


MEM6-UHT8L 

BfIRICM.  988M8A71W  CM6TMTS  (K) 
FM  S8FT  SITES  («H2) 


D1ISS1QN 

H1GE 

K 

FLT.1DLE 

K 

0ND.1DLE 

K 

K 

91! 

2.33 

48. M 

45.33 

21.18 

45 

3.33 

43.80 

59.47 

22.18 

0 

17.33 

44.33 

55.88 

21.33 

315 

28.80 

57.18 

48.47 

18.47 

270 

10.47 

48.33 

49.88 

22.33 

225 

11.47 

44.47 

39.47 

24  M 

IN 

18.  M 

44.33 

31.81 

23.47 

135 

31.47 

49.88 

39.88 

21.47 

AWERA6E 

15.37 

49.33 

48.42 

22.75 
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TABLE  9.14 


BATA  UTILIZED  IN  COMPUTING  EMPIRICAL 
PROPAGATION  CONSTANTS  (K) 

FOR  HARD  SITES 


7H4  5H 

B0EIN6-VERT0L  CH-47D 

7-12-83 

SITE  7H 


HIGE 

FLT.1DLE 

H-90 

72.49 

N-90A 

72.85 

M-45 

83.64 

N-45A 

71.07 

H-0 

75.52 

N-OA 

49.28 

H-315 

72.17 

N-315A 

69.00 

h-270 

71.48 

N-270A 

70.72 

M-225 

75.76 

N-225A 

72.02 

N-180 

72.68 

N-180A 

66.68 

H-135 

75.69 

N-135A 

74.60 

SITE  5H 


HIGE 

FLT.1DLE 

H-90 

NA 

N-90A 

76.30 

N-45 

85.10 

N-45A 

75.50 

N-0 

78.00 

N-OA 

78.60 

H-315 

77.70 

N-315A 

74.30 

H-270 

75.10 

N-270A 

75.00 

M-225 

79.80 

N-225A 

77.10 

H-189 

74.40 

N-180A 

72.00 

H-135 

80.20 

N-135A 

78.30 

6FN.1PLE 

HOGE 

N-9DB 

62.38 

0-90 

86.82 

N-45B 

64.18 

0-45 

88.43 

N-OB 

59.11 

0-0 

82.76 

N-315B 

65.93 

0-315 

83.86 

N-270B 

66.02 

0-270 

82.25 

N-225B 

65.87 

0-225 

80.92 

N-180B 

61.21 

0-180 

83.95 

N-135B 

62.27 

0-135 

85.80 

GND.1DLE 

KOGE 

N-90B 

68.10 

0-90 

89.10 

N-458 

49.60 

0-45 

91.00 

N-OB 

65.60 

0-0 

84.80 

N-315B 

49.70 

0-315 

87.40 

N-270B 

70.90 

0-270 

86.30 

N-225B 

74.10 

0-225 

85.90 

N-180B 

67.20 

0-180 

88.80 

N-1358 

69.90 

0-135 

90.60 
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TABLE  9.15 


B0E1NG-VERT0L 

EMPIRICAL  PROROGATION  CONSTANTS  <K) 
FOR  HARD  SITES  <7H  &  5H) 


EMISSION 

ANGLE 

HIGE 

K 

FLT.IDLE 

K 

GND.1DLE 

K 

HOGE 

K 

90 

21.56 

35.75 

14.25 

45 

9.13 

27.69 

33.88 

16.06 

0 

15.50 

58.25 

40.56 

12.75 

315 

34.56 

33.13 

23.56 

22.13 

270 

22.63 

26.75 

30.50 

25.31 

225 

25.25 

31.75 

51.44 

31.13 

180 

23.25 

33.25 

37.44 

30.31 

135 

28.19 

23.13 

47.69 

30.00 

AVERAGE 

22.64 

31.94 

37.60 

22.74 
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9.8  Air-to-Ground  Acoustical  Propagation  Analysis  -  The  approach  and 


takeoff  operations  provided  the  opportunity  to  assess  empirically  the 
influences  of  spherical  spreading  and  atmospheric  absorption.  Through 
utilization  of  both  noise  and  position  data  at  each  of  the  three  flight 
track  centerline  locations  (microphones  5,  1,  and  4),  it  was  possible  to 
determine  air-to-ground  propagation  constants. 

One  would  expect  the  propagation  constants  to  reflect  the  aggregate 
influences  of  spherical  spreading  and  atmospheric  absorption.  It  is 
assumed  that  the  acoustical  source  characteristics  remain  constant  as  the 
helicopter  passes  over  the  measurement  array.  In  past  studies  (Ref.  10  - 
15),  it  has  been  observed  that  this  assumption  is  reasonably  valid  for 
takeoff  and  level  flyover  operations.  In  the  case  of  approach,  however, 
significant  variation  has  been  evident.  Because  of  the  spacial/ temporal 
variability  in  approach  sound  radiation  along  the  (1000  feet)  segment  of 
interest,  approach  data  have  not  been  utilized  in  estimating  propagation 
constants.  Ac  a  final  background  note  relating  to  the  assumption  of 
source  stability,  a  helicopter  would  require  approximately  10  seconds, 
travelling  at  60  knots,  to  travel  the  distance  between  measurement  sites  4 
and  5. 

In  both  the  case  of  the  single  event  intensity  metric,  AL,  and  the  single 
event  energy  metric,  SEL,  the  difference  between  SEL  and  AL  is  determined 
for  each  pair  of  centerline  sites.  The  delta  in  each  case  is  then  equated 
with  the  base  ten  logarithm  of  the  respective  altitude  ratio  multiplied  by 
the  propagation  constant  (either  KA(AL)  or  KA(SEL)),  the  values  to  be 
determined. 
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Data  have  also  been  analyzed  from  the  500  and  1000  foot  level  flyover 
operations  and  the  KP(AL)  has  been  computed.  In  this  case,  data  were 
pooled  for  all  centerline  sites  (5,  1,  and  4)  in  the  process  of  arriving 
at  the  propagation  constant. 

The  takeoff  analyses  are  shown  in  Table  9.16,  9.17  and  9.18  and  are 
summarized  in  Table  9.19.  Results  of  the  level  flyover  calculations  are 
presented  in  Table  9.21.  The  level  flyover  and  takeoff  analyses  are  also 
accompanied  by  a  tabulation  of  results  from  five  previous  reports  (Tables 
9.20  and  9.22). 

Discussion  -  In  the  case  of  takeoff  data  (Table  9.19)  one  observes  a 
propagation  constant  of  about  22.3,  a  value  in  good  agreement  with 
previous  results  shown  in  Table  9.20.  This  value  suggests  thQc  either 
little  absorption  takes  place  over  the  propagation  path  or  that  the  source 
frequency  content  is  dominated  by  low  frequency  components,  (relatively 
unaffected  by  absorption). 

In  the  case  of  level  flyover  data  (Table  9.21),  one  observes  a  value  of 
less  than  20.  This  propagation  constant  is  similar  to  values  observed  for 
the  Aerospatiale  TwinStar  and  AStar,  but  significantly  less  than  values 
seen  for  the  Bell  222  and  the  Sikorsky  S-76A. 

Table  9.23  provides  a  brief  examination  of  propagation  constants  for  the 
EPNL  acoustical  metric,  used  in  noise  certification.  Calculations  show  a 
constant  of  approximately  19.  This  propagation  constant  is  very  close  to 
the  mean  value  observed  for  helicopters  analyzed  in  other  reports  (refs. 

10  -  15)  and  summarized  in  Table  9.24.  It  is  interesting  to  note  that  the 
theoretical  value  for  the  EPNL  propagation  constant  is  10.  The  reader  may 
consider  computing  propagation  constants  for  other  acoustical  metrics  as 
the  need  arises. 
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TABLE  9.16 


TABLE  9.17 


TABLE  9.18 


HELICOPTER:  8QEING-VERT0L  CH-470 

TEST  DATE:  7-13-83 

OPERATION:  ICAO  TAKEOFF 

TARGET  IAS=85  KTS 


NIC.  5-4 


EVEN1  NO. 

KP(AL) 

KP(SEL) 

630 

17.5 

15.3 

G31 

20.4 

15.7 

632 

19.9 

14 

623 

20.4 

13.5 

634 

22.4 

14.9 

63 

19.9 

14.1 

AVERA6E 

20.2 

15.3 

STD.  OBI 

1.59 

1.29 

m  C.I. 

1.31 

1.04 

HELICOPTER:  80EIN6-VERTQL  CH-470 

TEST  DATE:  7-13-83 

OPERATION:  TAKEOFF 

TARGET  IAS=85  KTS 


NIC.  5-4 


EVENT  NO. 

KP<AL) 

KP<SEL) 

J47 

22 

-5.8 

J49 

17.3 

10.4 

J51 

20.4 

10.3 

AVERAGE 

20 

5 

STD.  DEV 

2.43 

9.44 

W.  C.I. 

4.09 

15.91 

HELICOPTER:  80E1NG-VERT0L  CH-470 

TEST  DATE:  7-13-83 

OPERATION:  N1LITAR'.  TAKEOFF 
TAR6F7  IAS=70  KTS 


NIC.  5-4 


EVBH  NO. 

KP(AL) 

KP(SEl) 

L53 

29 

15.8 

L54 

23.1 

13.4 

L55 

27.4 

15.4 

AVERAGE 

24.4 

14.9 

STD.  DEV 

3.10 

1.35 

m  C.I. 

5.23 

2.28 

TABLE  9.19  TABLE  9-20 


Summary  of  Propagation  Constants  Summary  for  Takeoff  Operation — AL  Metric 

for  Three  Takeoff  Operations 


Propagation 

Propagation 

Helicopter 

Constant  (K) 

Operation 

Constant  (K) 

Bell  222 

NA 

ICAO  Takeoff 

20.2 

Dauphin 

20.67 

Takeoff 

20 

Hughes 

21.15 

Military  Takeoff 

26.6 

TwinStar 

24.4 

Average  22.27 

AStar 

21.9 

S-76 

15.5 

CH-47D 

22.27 

Average  20.98 
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TABLE  9.21 

B0E1N6-VERT0L  CH-47D 
LEVEL  FLYQl'tR  PROPAGATION — AL 


AL 

OPERATION 

NIC  5 

NIC  1 

NIC  4 

WEIGHTED 

AVERAGE 

N= 

4 

4 

4 

500'  (0.9Vh) 

AV6  AL= 

79.7 

80.8 

80 

80.17 

STD  DEV= 

1 

.8 

.6 

N= 

4 

4 

4 

1000'  (0.9Vh) 

AVS  AL= 

74.6 

74.4 

73.8 

74.27 

STD  DEV= 

1.1 

• 

>J 

.6 

K=  AdB  /  L0G<934.37  /  531.63)  Ad&=  5.90 

K=  5.90  /. 2409094 
K=  24.09 

TABLE  9.22 


S1H1ARY  FOR  LEVEL  FLYOVER  OPERATION 

ALNETRIC 

HELICOPTER 

PROPAGATION  CONSTANT  (K) 

BELL  222 

21.08 

AEROSPATIALE 
DAUPHIN  2 

21.40 

HUGHES  500D 

20.81 

AEROSPATIALE 

TUINSTAR 

20.19 

AEROSPATIALE 

ASTAR 

12.77 

SIKORSKY  S-76A 

25.36 

B0EIN6-VERT0L 

CH-47D 

24.09 

AVERAGE  =  21.67 


TABLE  9.23 


BOE1N6-VERTOL  CH-47D 
LEVEL  FLYOVER  PROPAWT10N--EPNL 


OPERATION 

NIC  5 

NIC  1 

NIC  4 

EPNL 

WE16KTED 

AVEAA6E 

K= 

4 

4 

4 

500"  <0.9Vh) 

AUG  EPNL= 

92.1 

92.8 

91.9 

92.27 

STD  DEV= 

.5 

.7 

1 

14= 

4 

4 

4 

1000'  <Q.9Vh) 

AVS  EPNL= 

84.9 

87.1 

84.7 

84.90 

STD  DEV= 

.7 

.4 

.4 

K=  Ad8  /  L06I934.37  /  531.43)  AdB=  5.37 

K=  5.37  J  .2449094 
K-  21.91 


TABLE  9.24 

SITOWY  TABLE  FOR  EPNL 


HELICOPTER 

PROPAGATION  CONSTANT  <K) 

BELL  222 

14.33 

AEROSPATIALE 
DAUPHIN  2 

18.47 

HUGHES  500D 

14.80 

AEROSPATIALE 

TW1NSTAR 

13.84 

AEROSPATIALE 

ASTAR 

13.14 

SIKORSKY  S-74A 

17.91 

BOEIN6-VERT0L 

CH-47D 

21.91 

AVERAGE  =  14.37 
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APPENDIX  A 

Magnetic  Recording  Acoustical  Data  and  Duration  Factors 
for  Flight  Operations 

This  appendix  contains  magnetic'  recording  acoustical  data  acquired  during 
flight  operations.  A  detailed  discussion  is  provided  in  Section  6.1  which 
describes  the  data  reduction  and  processing  procedures.  Helpful  cross 
references  include  measurement  location  layout,  Figure  3.3;  measurement 
equipment  schematic.  Figure  5.4;  and  measurement  deployment  plan,  Figure 
5.7.  Tables  A. a  and  A.b  which  follow  below  provide  the  reader  with  a 
guide  to  the  structure  of  the  appendix  and  the  definition  of  terms  used 
herein. 


TABLE  A. a 

The  key  to  the  table  numbering  system  is  as  follows: 


Table  No.  A. 


1-1. 


1 


Appendix  No. 


Helicopter  No.  &  Microphone  Location 


Page  No.  of  Group 


Microphone  No. 


1  centerline-center 

1G  centerline-center(flush) 

2  sideline  492  feet  (150m)  south 

3  sideline  492  feet  (150m)  north 

4  centerline  492  feet  (150m)  west 

5  centerline  617  feet  (188m)  east 


TABLE  A.b 


A  brief  synopsis 
EV 
SEL 

ALm 

SEL-ALm 

K(A) 

Q 

EPNL 

PNLm 

PNLTta 

K(P) 

OASPLm 

DUR(A) 

DUR(P) 

TC 


Definitions 

of  Appendix  A  data  column  headings  is  presented. 

Event  Number 

Sound  Exposure  Level,  the  total  sound  energy  measured 
within  the  period  determined  by  the  10  dB  down  duration 
of  the  A-weighted  time  history.  Reference  duration, 
1-second. 

A-weighted  Sound  Level (maximum) 

Duration  Correction  Factor 

A-weighted  duration  constant  where: 

K( A)  =  (SEL-ALm)  /  (Log  DUR(A) ) 

Time  History  Shape  Factor,  where: 

q  =  (iqO.K  SEL-ALm)  /  (DUR(A)) 

Effective  Perceived  Noise  Level 

Perceived  Noise  Level (maximum) 

Tone  Corrected  Perceived  Noise  Level (maximum) 

Constant  used  to  obtain  the  Duration  Correction  for 
EPNL,  where: 

K(P)  =  (EPNL-PNLTm  +  10)  /  (Log  DUR(P)) 

Overall  Sound  Pressure  Level (maximum) 

The  10  dB  down  Duration  Time  for  the  A-weighted  time 
history 

The  10  dB  down  Duration  Time  for  the  PNLT  time  history 
Tone  Correction  calculated  at  PNLTm 


Each  set  of  data  is  headed  by  the  site  number,  microphone  location  and 
test  date.  The  target  reference  condtions  are  specified  above  each  data 
subset. 


TA8LE  NO.  A. 7-1.1 


BOEING  VERTO’.:  CH-47D  HELICOPTER  (CHINOOK) 
SUMMARY  NOISE  LEVEL  DATA 
AS  MEASURED  * 


DGT/TSC 

6/13/84 


SITE:  1  CENTERLINE  -  CENTER  JOLT  12,1983 


EV  SEL  ALt  SEL-ALi  K(A)  Q  EPNL  PNL»  PNLTi  K(P)  OASPL*  DUR(A)  DUR(P)  TC 


TAKEOFF  -  TARGET  IAS  85  KTS 


J47 

85.8 

77.2 

8.6 

7.1 

0.4 

90.0 

89.6 

90.5 

7.4 

92.8 

16.5 

19.5 

0.9 

J49 

86.2 

78.5 

7.8 

6.7 

0.4 

90.3 

90.9 

91.9 

7.1 

92.2 

14.5 

15.5 

0.9 

J51 

87.3 

79.0 

8.3 

7.1 

0.5 

91.5 

92.2 

92.7 

7.4 

95.7 

14.5 

15.5 

1.0 

Avq. 

86.5 

78.2 

8.2 

7.0 

0.4 

90.6 

90.9 

91.7 

7.3 

93.6 

15.2 

16.8 

0.9 

Std  Dv 

0.7 

0.9 

0.4 

0.2 

0.0 

0.8 

1.3 

1.1 

0.2 

1.9 

1.2 

2.3 

0.0 

90%  Cl 

1.3 

1.6 

0.7 

0.4 

0.0 

1.3 

2.2 

1.8 

0.3 

3.2 

1.9 

3.9 

0.0 

TAKEOFF  -  TARGET  IAS  70  KTS  (MILITARY) 

L53 

89.8 

83.1 

6.7 

6.7 

0.5 

- 

96.5 

97.4 

- 

97.9 

10.0 

- 

0.9 

L54 

90.2 

83.0 

7.3 

7.0 

0.5 

95.4 

96.7 

97.7 

7.3 

99.4 

11.0 

11.5 

1.0 

L55 

90.2 

83.2 

7.1 

6.7 

0.4 

95.1 

96.3 

96.8 

7.5 

98.3 

11.5 

13.0 

0.4 

Avg. 
Std  Dv 

90.1 

83.1 

7.0 

6.8 

0.5 

95.3 

96.5 

97.3 

7.4 

98.6 

10.8 

12.2 

0.8 

0.2 

0.1 

0.3 

0.2 

0.0 

0.2 

0.2 

0.5 

0.2 

0.8 

0.8 

1.1 

0.3 

90%  Cl 

0.4 

0.2 

0.5 

0.3 

0.0 

0.8 

0.3 

0.8 

0.7 

1.3 

1.3 

4.7 

0.5 

APPROACH  - 

TARGET 

IAS  100  KTS 

K46 

97.8 

90.7 

7.1 

6.6 

0.4 

102.1 

104.4 

105.0 

6.6 

102.4 

12.0 

12.0 

0.7 

K48 

96.6 

89.9 

6.6 

6.0 

0.4 

100.6 

103.6 

104.1 

6.9 

101,5 

13.0 

9.0 

0.5 

K50 

96.6 

90.5 

6,1 

6.1 

0.4 

100.7 

103.9 

104.8 

6.0 

100.4 

10.0 

9.5 

0.8 

K52 

96.9 

91.0 

5.9 

6.5 

0.5 

100.9 

104.7 

105.4 

6.1 

101.8 

8.0 

8.0 

0.7 

Avg. 

97.0 

90.6 

6.4 

6.3 

0.4 

101.1 

104.1 

104.8 

6.4 

101.5 

10.7 

9.6 

0.7 

Std  Ov 

0.6 

0.5 

0.5 

0.3 

0.1 

0.7 

0.5 

0.6 

0.4 

0.8 

2.2 

1.7 

0.2 

90%  Cl 

0.7 

0.5 

0.6 

0.4 

0.1 

0.8 

0.6 

0.7 

0.5 

1.0 

2.6 

2.0 

0.2 

APPROACH  -  TARGET  IAS  70  KTS  (MILITARY) 


136 

99.3 

92.4 

6.9 

6.7 

0.4 

103.2 

104.5 

105.0 

7.3 

103.2 

11.0 

13.0 

0.5 

137 

97.6 

89.6 

8.0 

7.0 

0.5 

101.6 

102.9 

103.7 

6.8 

101.6 

14.0 

14.5 

0.7 

138 

99.4 

91.8 

7.7 

7.1 

0.5 

103.7 

105.3 

106.2 

7.2 

102.9 

12.0 

11.0 

1.0 

139 

98.6 

90.3 

8.3 

7.7 

0.6 

102.6 

103.9 

104.5 

7.4 

101.9 

12.0 

12.5 

0.7 

Avg. 
Std  Dv 

98.7 

91.0 

7.7 

7.1 

0.5 

102.8 

104.1 

104.9 

7.2 

102.4 

12.2 

12.7 

0.7 

0.8 

1.3 

0.6 

0.4 

0.1 

0.9 

1.0 

1.1 

0.3 

0.8 

1.3 

1.4 

0.2 

90%  Cl 

1.0 

1.5 

0.7 

0.5 

0.1 

1.1 

1.2 

1.3 

0.3 

0.9 

1.5 

1.7 

0.2 

*  -  NOISE  INDEXES  CALCULATED  USING  MEASURED  DATA  UNCORRECTED 

FOR  TEMPERATURE, HUMIDITY, OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


TABLE  HO.  A. 7-1. 2 


BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
SUMMARY  NOISE  LEVEL  DATA 


DOT /T SC 
6/13/84 


AS  MEASURED  * 


SITE:  1 

CENTERLINE  - 

CENTER 

JULY  12,1983 

EV 

SEL 

ALt 

SEL-ALk  K(A) 

0 

EPNL 

PNLfc 

PNLTk 

K(P) 

OASPLk  DUR(A)  DUR(P) 

TC 

500  FT, 

,  FLYOVER  - 

TARGET 

IAS  135  KTS 

Cll 

87.3 

80.3 

7.0 

7.4 

0.6 

91.9 

94.8 

94.9 

7.3 

97.6 

9.0 

9.0 

0.3 

C12 

88.9 

82.0 

6.9 

6.9 

0.5 

93.5 

96.4 

97.0 

6.6 

98.7 

10.0 

9.5 

0.7 

C13 

88.5 

80.3 

8.3 

8.1 

0.6 

93.3 

94.9 

95.1 

8.1 

97.3 

10.5 

10.0 

0.4 

C14 

88.0 

80.9 

7.1 

6.9 

0.5 

92.7 

95.2 

95.9 

6.6 

96.7 

11.0 

11.0 

0.6 

Avg. 
Std  Dv 

88.2 

80.8 

7.3 

7.3 

0.5 

92.8 

95.3 

95.8 

7.1 

97.6 

10.1 

9.9 

0.5 

0.7 

0.8 

0.6 

0.6 

0.1 

0.7 

0.7 

0.9 

0.7 

0.8 

0.9 

0.9 

0.2 

901  Cl 

0.8 

0.9 

0.7 

0.7 

0.1 

0.8 

0.8 

1.1 

0.9 

1.0 

1.0 

1.0 

0.2 

500  FT 

.  FLYOVER  - 

TARGET 

IAS  135  KTS  (ICAO) 

A1 

86.8 

80.0 

6.8 

6.9 

0.5 

91.6 

94.9 

95.6 

6.3 

95.4 

9.5 

9.0 

0.6 

A2 

87.0 

79.6 

7.4 

6.8 

0.5 

92.1 

94.7 

95.0 

6.1 

95.2 

12.0 

14.5 

0.4 

A3 

87.3 

78.6 

8.7 

7.6 

0.5 

92.6 

93.5 

93.9 

7.0 

Oc.  f. 

14.0 

17.5 

0.4 

A4 

87.8 

79.8 

8.0 

6.8 

0.4 

93.0 

94.9 

95.2 

6.6 

95.8 

15.0 

15.0 

0.3 

A5 

86.5 

78.5 

8.0 

7.0 

0.5 

91.9 

93.6 

94.0 

6.9 

95.2 

14.0 

14.0 

0.4 

A6 

87.0 

78.4 

8.5 

7.0 

0.4 

91.8 

93.6 

94.1 

6.5 

95.0 

16.5 

15.5 

0.5 

Avg. 

87.1 

79.2 

7.9 

7.0 

0.5 

92.2 

94.2 

94.6 

6.6 

95.4 

13.5 

14.2 

0.4 

Std  Dv 

0.4 

0.7 

0.7 

0.3 

0.0 

0.5 

0.7 

0.7 

0.3 

0.3 

2.4 

2.8 

0.1 

902  Cl 

0.4 

0.6 

0.6 

0.2 

0.0 

0.4 

0.6 

0.6 

0.3 

0.3 

2.0 

2.3 

0.1 

500  FT 

.  FLYOVER  - 

TARGET 

IAS  135  KTS  (MILITARY) 

B7 

88.9 

81.0 

7.9 

6.8 

0.4 

94.2 

96.9 

97.2 

6.2 

95.8 

14.5 

13.5 

0.4 

B8 

89.5 

82.1 

7.5 

6.9 

0.5 

95.4 

97.9 

98.3 

6.6 

97.1 

12.0 

12.0 

0.4 

B9 

89.5 

84.1 

5.4 

6.0 

0.4 

95.2 

99.7 

100.1 

5.9 

98.3 

8.0 

7.5 

0.4 

BIO 

88.8 

81.1 

7.7 

6.4 

0.4 

94.3 

96.6 

96.9 

6.7 

97.5 

16.0 

13.0 

0.2 

Avg. 

89.2 

82.0 

7.1 

6.5 

0.4 

94.8 

97.8 

98.1 

6.3 

97.2 

12.6 

11.5 

0.3 

Std  Dv 

0.4 

1.4 

1.2 

0.4 

0.0 

0.6 

1.4 

1.4 

0.4 

1.0 

3.5 

2.7 

0.1 

902  Cl 

0.5 

1.7 

1.4 

0.5 

0.0 

0.7 

1.6 

1.7 

0.4 

1.2 

4.1 

3.2 

0.1 

500  FT 

.  FLYOVER  - 

TARGET 

IAS  120  KTS 

D15 

86.3 

79.6 

6.7 

6.7 

0.5 

90.9 

93.2 

93.6 

6.9 

96.0 

10.0 

11.5 

0.4 

D16 

87.2 

79.0 

8.2 

7.4 

0.5 

91.8 

92.6 

94.1 

6.9 

95.0 

13.0 

13.0 

1.5 

D17 

86.0 

78.2 

7.8 

7.2 

0.5 

90.6 

92.1 

92.4 

7.5 

95.3 

12.5 

12.5 

0.2 

D18 

87.0 

79.4 

7.5 

7.1 

0.5 

91.5 

93.3 

93.7 

7.3 

95.4 

11.5 

12.0 

0.4 

D19 

86.3 

78.8 

7.5 

7.3 

0.5 

90.4 

93.0 

93.3 

7.1 

94.0 

10.5 

10.0 

0.3 

Avg. 
Std  Dv 

86.6 

79.0 

7.6 

7.1 

0.5 

91.0 

92.8 

93.4 

7.1 

95.1 

11.5 

11.8 

0.6 

0.5 

0.6 

0.6 

0.3 

0.0 

0.6 

0.5 

0.7 

0.3 

0.7 

1.3 

1.2 

0.5 

902  Cl 

0.5 

0.5 

0.5 

0.3 

0.0 

0.6 

0.5 

0.6 

0.2 

0.7 

1.2 

1.1 

0.5 

*  -  NOISE  INDEXES  CALCULATED  USING  HEASURED  DATA  UNCORRECTED 

FOR  TEMPERATURE, HUMIDITY, Oft  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TfiftTK 


TABLE  NO.  A. 7-1. 3 


OOT/TSC 

6/13/84 


BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
SUMMARY  NOISE  LEVEL  DATA 
AS  MEASURED  * 


SITE:  1  CENTERLINE  -  CENTER  JULY  12,1983 


EV 

SEL 

ALk 

SEL-ALi 

K(A) 

Q 

EPNL 

PNLt 

PNLTk 

K(P) 

QASPli  DUR(A)  DUR(P) 

TC 

500  FT, 

,  FLYOVER  - 

TARGET  IAS  105  KTS 

E20 

89.2 

81.3 

7.8 

7.2 

0.5 

93.6 

95.0 

95.5 

7.4 

95.5 

12.5 

12.5 

0.5 

E21 

85.8 

77.8 

8.0 

7.6 

0.6 

90.2 

92.1 

92.6 

7.3 

92.8 

11.5 

11.5 

0.5 

E22 

86.6 

77.5 

9.1 

7.2 

0.4 

90.8 

91.1 

91.7 

7.3 

91.7 

18.5 

17.5 

0.6 

E23 

85.7 

77.5 

8.2 

7.1 

0.5 

90.1 

91.4 

91.9 

7.1 

91.8 

14.5 

14.5 

0.4 

E24 

86.3 

77.4 

8.9 

7.1 

0.4 

90.9 

91.1 

92.3 

7.0 

91.1 

18.0 

16.5 

1.2 

E25 

85.6 

77.5 

8.1 

7.3 

0.5 

90.0 

91.5 

92.1 

7.2 

93.8 

13.0 

12.5 

0.6 

Avg. 
Sto  Dv 

86.5 

78.2 

8.4 

7.2 

0.5 

90.9 

92.0 

92.7 

7.2 

92.8 

14.7 

14.2 

0.6 

1.4 

1.6 

0.5 

0.2 

0.0 

1.3 

1.5 

1.4 

0.1 

1.6 

2.9 

2.4 

0.3 

90X  Cl 

1.1 

1.3 

0.4 

0.2 

0.0 

1.1 

1.2 

1.2 

0.1 

1.3 

2.4 

2.0 

0.2 

1000  FT.  FLYOVER  - 

•  TARGET  IAS  135  KTS 

F26 

83.9 

73.9 

10.0 

8.0 

0.6 

87.6 

87.8 

88.4 

7.8 

89.5 

17.5 

15.0 

0.7 

F27 

83.4 

75.4 

8.0 

6.9 

0.4 

87.4 

89.3 

89.7 

6.8 

89.9 

14.5 

13.5 

0.4 

F2B 

82.8 

73.9 

8.8 

7.4 

0.5 

86.5 

88.1 

88.6 

6.7 

88.3 

15.5 

15.0 

0.6 

F29 

83.0 

74.5 

8.5 

6.9 

0.4 

86.7 

88.2 

88.6 

6.6 

88.6 

17.0 

16.5 

0.4 

Avg. 
Std  Dv 

83.3 

74.4 

8.8 

7.3 

0.5 

87.1 

88.3 

88.8 

7.0 

89.1 

16.1 

15.0 

0.5 

0.5 

0.7 

0.9 

0.5 

0.1 

0.6 

0.7 

0.6 

0.6 

0.8 

1.4 

1.2 

0.1 

901  Cl 

0.6 

0.8 

1.0 

0.6 

0.1 

0.7 

0.8 

0.7 

0.7 

0.9 

1.6 

1.4 

0.1 

TAKEOFF  -  TARGET  IAS  85  KTS 

(ICAO) 

G40 

90.1 

83.6 

6.4 

6.3 

0.4 

- 

96.8 

97.2 

_ 

98.6 

10.5 

0.4 

G41 

90.0 

83.6 

6.4 

6.3 

0.4 

94.6 

96.5 

97.1 

6.7 

97.9 

10.5 

13.0 

0.6 

G42 

90.5 

83.9 

6.6 

6.7 

0.5 

95.1 

97.2 

97.7 

7.0 

99.0 

9.5 

11.5 

0.5 

G43 

90.0 

83.0 

7.0 

6.8 

0.5 

- 

96.4 

96.9 

- 

98.6 

11.0 

- 

0.5 

G44 

91.3 

85.8 

5.4 

6.2 

0.5 

95.9 

99.3 

100.0 

6.4 

100.3 

7.5 

8.5 

0.6 

G45 

91.4 

85.8 

5.6 

6.4 

0.5 

96.2 

99.3 

99.7 

6.9 

100.5 

7.5 

9.0 

0.4 

Avg. 

90.5 

84.3 

6.2 

6.4 

0.5 

95.5 

97.6 

98.1 

6.7 

99.2 

9.4 

10.5 

0.5 

sta  Dv 

0.7 

1.2 

0.6 

0.2 

0.0 

0.8 

1.4 

1.4 

0.2 

1.0 

1.6 

2.1 

0.1 

901  Cl 

0.5 

1.0 

0.5 

0.2 

0.0 

0.9 

1.1 

1.1 

0.3 

0.8 

1.3 

2.5 

0.1 

APPROACH  - 

TARGET  IAS  85  KTS  UCAO) 

H30 

97.6 

90.8 

6.8 

6.6 

0.4 

101.9 

104.1 

104.9 

6.7 

102.1 

11.0 

11.0 

0.9 

H31 

97.3 

90.0 

7.3 

6.5 

0.4 

101.3 

103.8 

104.4 

6.5 

102.5 

13.5 

11.5 

0.6 

H32 

98.1 

91.1 

7.0 

6.8 

0.5 

102.4 

104.9 

105.5 

6.7 

102.9 

10.5 

10.5 

0.6 

H33 

98.7 

91.2 

7.5 

7.0 

0.5 

103.0 

105.0 

105.5 

7.2 

103.2 

12.0 

11.0 

0.5 

H34 

98.4 

91.3 

7.2 

7.2 

0.5 

102.8 

104.7 

105.5 

7.3 

102.9 

10.0 

10.0 

0.7 

H35 

97.3 

91.0 

6.4 

5.7 

0.3 

101.2 

104.5 

105.0 

6.5 

102.5 

13.0 

9.0 

0.6 

Avg. 

97.9 

90.9 

7.0 

6.6 

0.4 

102.1 

104.5 

105.1 

6.8 

102.7 

11.7 

10.5 

0.6 

Std  Dv 

0.6 

0.5 

0.4 

0.5 

0.1 

0.8 

0.5 

0.4 

0.4 

0.4 

1.4 

0.9 

0.2 

901  C! 

0.5 

0.4 

0.3 

0.4 

0.1 

0.6 

0.4 

0.4 

0.3 

0.3 

1.2 

0.7 

0.1 

*  -  NOISE  INDEXES  CALCULATED  USING  MEASURED  DATA  UNCQRRECTEO 

ft®  TEMPERATURE, HUMIDITY, OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


OOT/TSC 

6/13/84 


CEHTERL 1 NE-CENTER  (FLUSH)  JULY  12,1983 


EV 

SEL 

ALft 

SEL-AL* 

K(A) 

0 

EPNL 

PNL» 

PHLTi 

K(P) 

OASPL*  DUR(A)  OUR(P) 

TC 

TAKEOFF 

-  TARGET  IAS  85  KTS 

J47 

J49 

J51 

90.7 

90.4 

91.6 

81.9 
82.4 

83.9 

8.B 

8.0 

7.8 

6.9 

6.7 

7.0 

0.4 

0.4 

0.5 

95.4 

94.9 

96.2 

94.9 

94.3 

97.4 

95.7 

95.2 

98.2 

7.4 

7.9 

7.0 

99.2 

98.2 
101.8 

18.5 

16.0 

13.0 

20.5 

17.0 

14.0 

0.8 

0.9 

0.9 

Avo. 
Std  Dv 
901  Cl 

90.9 

0.6 

1.1 

82.7 

1.0 

1.7 

8.2 

0.5 

0.9 

6.8 

0.2 

0.3 

0.4 

0.0 

0.1 

95.5 

0.7 

1.1 

95.5 

1.6 

2.7 

96.4 

1.6 

2.7 

7.5 

0.4 

0.7 

99.7 

1.8 

3.1 

15.8 

2.8 

4.6 

17.2 

3.3 

5.5 

0.9 

0.1 

0.1 

TAKEOFF  -  TARGET  IAS  70  KTS  (MILITARY) 


L53 

94.2 

87.6 

6.6 

6.7 

0.5 

L54 

95.1 

88.1 

6.9 

6.7 

0.4 

L55 

95.5 

88.4 

7.1 

6.7 

0.4 

Avq. 

94.9 

88.0 

6.9 

6.7 

0.5 

Std  Dv 

0.7 

0.4 

0.3 

0.0 

0.0 

901  Cl 

1.1 

0.7 

0.5 

0.0 

0.0 

-  100.4  101.1 

100.4  101.4  103.0 

100.5  101.0  102.2 

100.5  100.9  102.1 
0.1  0.5  1.0 

0.3  0.9  1.6 


- 

103.0 

9.5 

- 

7.3 

105.0 

11.0 

10.5 

7.5 

104.0 

11.5 

12.5 

7.4 

104.0 

10.7 

11.5 

0.2 

1.0 

1.0 

1.4 

0.9 

1.7 

1.8 

6.3 

0.7 

1.6 

1.6 

1.3 

0.5 

0.9 


APPROACH  -  TARGET  IAS  100  KTS 


K46  101.6 
K48  99.6 
K50  100.5 
K52  101.4 

94.8 

93.4 

94.5 

95.6 

6.8 

6.2 

6.0 

5.8 

6.6 

6.5 

6.2 

6.4 

0.4 

0.5 

0.4 

0.5 

105.5 

103.7 

104.4 

105.5 

107.9 

106.9 
108.0 
109.0 

108.6 

107.5 

108.9 

110.0 

6.4 

6.4 

5.B 

6.1 

106.5 

105.4 

105.2 

107.0 

11.0 

9.0 

9.0 

8.0 

12.0 

9.5 

9.0 

8.0 

0.7 

0.6 

0.9 

1.1 

Avq.  100.8 
Std  Dv  0.9 
901  Cl  1.1 

94.6 

0.9 

1.1 

6.2 

0.5 

0.5 

6.4 

0.1 

0.2 

0.5 

0.0 

0.0 

104.8 

0.9 

1.1 

107.9 

0.9 

1.0 

108.7 

1.1 

1.2 

6.2 

0.3 

0.3 

106.0 

0.8 

1.0 

9.2 

1.3 
1.5 

9.6 

1.7 
2.0 

0.8 

0.2 

0.2 

APPROACH  -- 

TARGET  IAS  70  KTS  (MILITARY) 

136  102.1 

137  101.9 

138  103.3 

139  102.7 

95.8 

93.8 

96.7 

95.8 

6.3 

8  7 
t  ,5 

6.9 

6.2 

7.0 

6.2 

6.6 

0.4 

0.5 

0.4 

0.4 

106.2 

105.9 

107.2 

106.7 

108.9 

106.9 

109.7 

108.8 

109.9 

107.7 

110.4 

109.4 

6.1 

6.9 

6.3 

6.9 

107.4 
106.0 
107.9 

106.5 

10.5 

14.5 

11.5 
11.0 

11.0 

15.5 
12.0 

11.5 

1.0 

0.8 

0.6 

0.6 

Avq.  102.5 
Std  Dv  0.6 
901  Cl  0.7 

95.5 

1.3 

1.5 

7.0 

0.8 

1.0 

6.5 

0.4 

0.5 

0.4 

0.0 

0.0 

106.5 

0.6 

0.7 

108.6 

1.2 

1.4 

109.3 

1.2 

1.4 

6.5 

0.4 

0.5 

106.9 

0.8 

1.0 

11.9 

1.8 

2.1 

12.5 

2.0 

2.4 

0.7 

0.2 

0.2 

DOT/TSC 

6/13/84 


TABLE  NO.  A.7-1G.2 

BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 

SUHHARY  NOISE  LEVEL  DATA 
AS  MEASURED  * 

CENTERLINE-CENTER  (FLUSH)  JULY  12,1983 


EV 

SEL 

Alt 

SEL-AU 

i  K(A) 

0 

EPNL 

500  FT.  FLYOVER  - 

TARGET  IAS  135  KTS 

Cll 

91.3 

84.0 

7.3 

7.3 

0.5 

96.3 

C12 

93.5 

85.9 

7.5 

7.4 

0.5 

98.1 

C13 

92.5 

84.2 

8.3 

7.8 

0.6 

97.6 

C14 

92.0 

84.9 

7.2 

6.8 

0.5 

97.2 

Avq. 

92.3 

84.7 

7.6 

7.3 

0.5 

97.3 

SW  Ov  0.9 

0.9 

0.5 

0.4 

0.1 

0.8 

901  Cl 

1.1 

1.0 

0.6 

0.5 

n.l 

0.9 

500  FT.  FLYOVER  - 

TARGET  IAS  135  KTS  (ICAO) 

A1 

90.7 

83.9 

6.8 

6.7 

0.5 

96.4 

A2 

91.6 

83.2 

8.4 

7.6 

0.5 

97.3 

A3 

91.8 

83.1 

8.7 

7.4 

0.5 

97.4 

M 

92.7 

84.3 

8.3 

7.2 

0.5 

98.6 

A5 

90.8 

82.8 

8.0 

7.1 

0.5 

96.6 

A6 

9.  .3 

82.7 

8.6 

7.4 

0.5 

96.9 

Avg. 

sia  dv 

91.5 

0.7 

83.3 

0.7 

8.2 

0.7 

7.2 

0.3 

0.5 

0.0 

97.2 

0.8 

901  Cl 

0.6 

0.5 

0.6 

0.3 

0.0 

0.6 

500  FT 

.  FLYOVER  - 

TARGET  IAS  135  KTS  (MILITARY) 

07 

93.1 

84.7 

8.4 

7.1 

0.5 

9B.8 

BS 

94.0 

86.4 

7.6 

6.9 

0.5 

100.6 

09 

93.3 

87.3 

6.0 

6.1 

0.4 

99.6 

BIO 

93.4 

85.4 

8.0 

7.5 

0.5 

99.6 

Avg. 
Stfl  Ov 

93.4 

0.4 

86.0 

1.2 

7.5 

1.1 

6.9 

0.6 

0.5 

0.1 

99.6 

0.7 

90 1  Cl 

0.4 

1.4 

1.2 

0.7 

0.1 

0.9 

500  FT. 

.  FLYOVER  -  TARGET  IAS  120  KTS 

D15 

90.7 

83.9 

6.8 

6.4 

0.4 

95.6 

016 

91.4 

83.2 

8.3 

7.4 

0.5 

96.5 

017 

90.1 

82.0 

8.0 

7.6 

0.6 

95.2 

D18 

91.8 

84.0 

7.8 

7.4 

0.5 

97.0 

019 

90.6 

82.7 

7.9 

7.6 

0.6 

95.1 

*»■ 

90.9 

83.2 

7.8 

7.3 

0.5 

95.9 

Sid  Ov 

0.7 

0.8 

0.6 

0.5 

0.1 

0.8 

90Z  Cl 

0.7 

0.8 

0.5 

0.5 

0.1 

0.8 

PNL> 

PNLT» 

K(P) 

OASPL*  DUR(A)  OUR(P) 

TC 

99.4 

99.7 

6.7 

101.1 

10.0 

9.5 

0.3 

101.3 

101,5 

6.8 

103.3 

10.5 

9.5 

0.2 

99.9 

100.4 

7.2 

101.0 

11.5 

10.0 

0.6 

100.0 

100.2 

6.9 

101.9 

ll.F 

10.5 

0.3 

100.1 

100.5 

6.9 

101.8 

10.9 

9.9 

0.3 

0.8 

0.7 

0.2 

1.0 

0.7 

0.5 

0.2 

1.0 

0.9 

0.2 

1.2 

0.9 

0.6 

0.2 

98.9 

99.2 

6.0 

100.1 

10.5 

15.5 

0.3 

98.9 

99.5 

7.2 

100.0 

13.0 

12.0 

0.6 

99.4 

99.8 

6.7 

100.2 

15.0 

13.5 

0.4 

101.0 

101.3 

6.5 

102.1 

14.5 

13.0 

0.3 

98.7 

99.0 

6.6 

99.5 

13.5 

14.0 

0.4 

99.2 

99.5 

6.8 

101.1 

14.5 

12.5 

0.3 

99.4 

99.7 

6.7 

100.5 

13.5 

13.4 

0.3 

0.8 

0.8 

0.4 

0.9 

1.6 

1.2 

0.1 

0.7 

0.7 

0.3 

0.8 

1.4 

1.0 

0.1 

100.9 

101.2 

6.7 

102.0 

15.5 

13.5 

0.4 

103.3 

103.9 

6.3 

102.9 

12.5 

11.5 

0.6 

103.0 

103.4 

6.5 

103.0 

9.5 

9.0 

0.5 

102.3 

102.8 

6.6 

102.4 

11.5 

10.5 

0.6 

102.4 

102.8 

6.5 

102.6 

12.2 

11.1 

0.5 

1.1 

1.2 

0.2 

0.5 

2.5 

1.9 

0.1 

1.3 

1.4 

0.2 

0.5 

2.9 

2.2 

0.1 

97.9 

98.2 

6.8 

100.0 

11.5 

12.0 

0.2 

97.1 

97.9 

7.5 

99.4 

13.0 

14.0 

1,2 

97.5 

97.7 

7.1 

100.2 

11.5 

11.5 

0.3 

98.8 

99.0 

7.8 

101.4 

11.5 

10.5 

0.3 

97.1 

97.3 

7.5 

98.4 

11.0 

11.0 

0.2 

97.7 

98.0 

7.3 

99.9 

11.7 

11.8 

0.4 

0.7 

0.6 

0.4 

1.1 

0.8 

1.4 

0.4 

0.7 

0.6 

0.4 

1.1 

0.7 

1.3 

0.4 

DOT/TSC 

6/13/84 


TABLE  NO.  A.7-1G.3 

BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
SUMMARY  NOISE  LEVEL  DATA 
AS  MEASURED  * 


SITE:  1G  CENTERLINE-CENTER  (FLUSH)  JULY  12,1983 


EV 

SEL 

ALt 

SEL-AL* 

K(A) 

Q 

EPNL 

PNLk 

PNLTi 

K(P) 

OASPL*  DUR(A)  DUR(P) 

TC 

500  FT 

.  FLYOVER  - 

TARGET  IAS  105  KTS 

E20 

93.4 

85.5 

8.0 

7.0 

0.5 

98.0 

99.1 

99.8 

7.2 

101.5 

13.5 

13.5 

0.6 

E21 

90.2 

82.2 

7.9 

7.2 

0.5 

95.0 

97.1 

97.5 

6.9 

98.1 

12.5 

12.0 

0.5 

E22 

91.1 

81.6 

9.5 

7.0 

0.4 

95.5 

95.7 

96.5 

7.2 

97.3 

22.0 

18.0 

0.8 

E23 

89.3 

81.3 

8.0 

7.2 

0.5 

93.9 

95.9 

96.4 

6.9 

96.6 

13.0 

12.0 

0.5 

E24 

90.7 

81.3 

9.4 

7.6 

0.5 

95.3 

94.8 

95.7 

7.8 

96.8 

17.5 

17.0 

0.9 

E25 

89.5 

81.0 

8.4 

7.4 

0.5 

94.0 

95.9 

96.3 

6.7 

98.0 

14.0 

14.0 

0.4 

Avq. 

90.7 

82.2 

8,5 

7.2 

0.5 

95.3 

96.4 

97.0 

7.1 

98.0 

15.4 

14.4 

0.6 

Std  Dv 

1.5 

1.7 

0.7 

0.2 

0.0 

1.5 

1.5 

1.5 

0.4 

1.8 

3.7 

2.5 

0.2 

901  Cl 

1.2 

1.4 

0.6 

0.2 

0.0 

1.2 

1.2 

1.2 

0.3 

1.5 

3.0 

2.1 

0.1 

1000  FT.  FLYOVER  - 

■  TARGET 

IAS  135  KTS 

F26 

87.5 

77.7 

9.8 

7.9 

0.5 

92.4 

92.9 

93.5 

7.6 

95.6 

17.5 

15.5 

0.5 

F27 

87.6 

78.3 

9.3 

7.6 

0.5 

92.4 

92.3 

93.3 

7.5 

94.4 

17.0 

16.5 

1.0 

F28 

86.7 

77.7 

9.0 

7.3 

0.5 

91.4 

92.2 

93.1 

6.9 

94.3 

17.0 

16.0 

0.9 

F29 

B7.0 

77.7 

9.3 

7.3 

0.5 

91.7 

92.2 

92.8 

7.5 

94.9 

18.5 

15.5 

0.7 

Avq. 

87.2 

77.9 

9.3 

7.5 

0.5 

92.0 

92.4 

93.2 

7.4 

94.8 

17.5 

15.9 

0.8 

sta  Dv 

0.4 

0.3 

0.3 

0.3 

0.0 

0.5 

0.3 

0,3 

0.3 

0.6 

0.7 

0.5 

0,2 

90Z  Cl 

0.5 

0.3 

0.4 

0.3 

0.0 

0.6 

0.4 

0.3 

0.4 

0.7 

0.8 

0.6 

0.2 

TAKEOFF  —  TARGET  IAS  85  KTS  (ICAO) 

G40 

93.6 

86.7 

6.9 

6.6 

0.4 

98.6 

99.8 

101.0 

7.1 

102.9 

11.0 

11.5 

1.2 

G41 

93.2 

86.5 

6.7 

6.6 

0.4 

97.8 

99.2 

99.9 

7.3 

102.4 

10.5 

12.0 

0.7 

G42 

94.6 

88.1 

6.5 

6.6 

0.5 

99.2 

100.9 

101.5 

7.7 

103.8 

9.5 

10.0 

0.6 

G43 

93.5 

86.4 

7.1 

6.7 

0.4 

- 

100.0 

100.6 

- 

103.4 

11.5 

- 

0.5 

G44 

94.9 

89.3 

5.6 

6.2 

0.5 

99.7 

102.5 

103.2 

6.9 

105.3 

8.0 

9.0 

0.6 

G45 

95.7 

89.6 

6.1 

6.6 

0.5 

100.6 

103.0 

104.0 

7.2 

105.9 

8.5 

8.5 

1.0 

Avq. 

94.3 

87.8 

6.5 

6.6 

0.5 

99.2 

100.9 

101.7 

7.2 

103.9 

9.8 

10.2 

0.8 

sta  Dv 

1.0 

1.4 

0.5 

0.2 

0.0 

1.1 

1.6 

1.6 

0.3 

1.3 

1.4 

1.5 

0.3 

902  Cl 

0.8 

1.2 

0.4 

0.1 

0.0 

1.0 

1.3 

1.3 

0.3 

1.1 

1.2 

1.5 

0.2 

APPROACH  - 

TARGET  IAS  85  KTS  (ICAO) 

H30 

101.6 

94.2 

7.3 

7.0 

0.5 

105.7 

107.3 

108.4 

6.9 

107.4 

11.0 

11.0 

1.1 

H3i 

101.0 

94.1 

6.9 

6.5 

0.4 

105.3 

107.2 

108.2 

6.6 

107.5 

11.5 

12.0 

0.9 

H32 

102.1 

95.8 

6.3 

6.2 

0.4 

106.4 

109.0 

109.8 

6.3 

108.7 

10.5 

11.0 

0.8 

H33 

102.2 

95.7 

6.5 

6.3 

0.4 

106.2 

108.9 

109.4 

6.6 

108.4 

10.5 

10.5 

0.5 

H34 

102.2 

95.9 

6.3 

6.4 

0.4 

106.1 

109.0 

109.6 

6.5 

107.4 

9.5 

10.0 

0.6 

H35 

100.9 

94.0 

6.9 

7.2 

0.5 

104.9 

107.2 

108.1 

7.2 

105.9 

9.0 

9.0 

0.9 

Avq. 

101.7 

95.0 

6.7 

6.6 

0.5 

105.8 

108.1 

108.9 

6.7 

107.5 

10.3 

10.6 

0.8 

St3  Dv 

•  0.6 

0.9 

0.4 

0.4 

0.0 

0.6 

0.9 

0.8 

0.3 

1.0 

0.9 

1.0 

0.2 

902  Cl 

0.5 

0.8 

0.3 

0.3 

0.0 

0.5 

0.8 

0.6 

0.3 

0.8 

0.8 

0.8 

0.2 

«  -  NOISE  INDEXES  CALCULATED  USING  MEASURED  DATA  UNCORRECTED 

FOR  TEMPERATURE, HUMIDITY, OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


TABLE  NO.  A. 7-2.1 


BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
SUMMARY  NOISE  LEVEL  DATA 


DOT/TSC 

6/13/84 


AS  MEASURED  * 


SITE: 


SIOELINE  -  150  M.  SOUTH  JULY  12,1983 


--  K(A)  EPNL  PNL»  PNLTi  K(P)  OASPL*  DUR(A)  DUR(P)  TC 

TAKEWF  -  TARGET  IAS  85  KTS 


J47  86.8 
J4?  86.6 
J51  86.6 

77.2 

76.6 

76.6 

9.5 

10.0 

10.0 

7.5 

7.5 

7.9 

0.5 

0.5 

v.5 

91.1 

90.9 

90.9 

90.1 

89.2 
90.5 

91.1 

91.2 
91.7 

7.7 

7.3 

7.4 

97.3 

97.7 

98.9 

18.5 

22.0 

18.5 

20.5 
21.0 

17.5 

1.0 

2.0 

1.2 

Avq.  86.6 
Std  Ov  0.1 
90Z  Cl  0.2 

76.8 

0.4 

0.6 

9.9 

0.3 

0.5 

7.6 

0.2 

0.4 

0.5 

0.0 

0.1 

91.0 

0.1 

0.2 

89.9 

0.6 

1.1 

91.3 

0.3 

0.6 

7.5 

0.2 

0.3 

98.0 

0.9 

1.4 

19.7 

2.0 

3.4 

19.7 

1.9 

3.2 

1.4 

0.6 

0.9 

TAKEOFF  --  TARGET  IAS  70  KTS  (MILITARY) 

L53  87.5 
L54  87.5 
L55  87.9 

77.8 
77.6 

77.9 

9.6 

9.9 

10.0 

8.2 

8.0 

7.9 

0.6 

0.6 

0.6 

92.2 

92.4 

92.8 

91.8 

91.8 

91.8 

93.2 

93.4 

93.5 

7.7 

7.5 

7.5 

98.2 

98.8 

98.1 

15.0 

17.5 

18.0 

14.5 

16.0 

17.0 

1.4 

1.6 

1.7 

Avq.  87.6 
Std  Dv  0.2 
90ZC1  0.4 

77.8 

0.2 

0.3 

9.8 

0.2 

0.3 

8.0 

0.1 

0.2 

0.6 

0.0 

0.1 

92.4 

0.3 

0.5 

91.8 

0.0 

0.1 

93.4 

0.1 

0.2 

7.6 

0.1 

0.2 

98.4 

0.4 

0.6 

16.8 

1.6 

2.7 

15.8 

1.3 

2.1 

1.6 

0.1 

0.2 

APPROACH  -  TARGET  IAS  100  KTS 

K46  91.1 
K48  90.4 
K50  91.0 
K52  90.5 

80.8 

81.7 

82.2 

81.5 

10.2 

8.8 

8.8 

9.0 

7.6 
7.1 
7.5 

7.7 

0.5 

0.4 

0.5 

0.5 

95.5 

95.5 

96.0 

95.4 

94.9 

95.3 

95.7 

95.7 

96.8 

96.9 

97.4 

97.5 

7.3 

7.2 

7.5 

7.1 

98.2 

99.8 
100.4 

99.9 

22.5 
17.0 
15.0 

14.5 

16.0 

15.5 

14.0 

13.0 

1.9 

1.6 

1.7 

1.9 

Avq.  90.8 
Std  Dv  0.3 
90X  Cl  0.4 

81.6 

0.6 

0.7 

9.2 

0.7 

0.8 

7.5 

0.3 

0.3 

0.5 

0.0 

0.1 

95.6 

0.2 

0.3 

95.4 

0.4 

0.4 

97.2 

0.4 

0.4 

7.3 

0.1 

0.2 

99.6 

1.0 

1.1 

17.2 

3.7 

4.3 

14.6 

1.4 

1.6 

1.8 

0.1 

0.2 

APPROACH  -  TARGET  IAS  70  KTS  (MILITARY) 

136  92.2 

137  90.9 

138  93.3 

139  93.5 

83.9 

79.9 
83.7 
83.1 

8.3 

11.0 

9.6 

10.4 

6.2 

7.3 

7.6 

7.6 

0.3 

0.4 

0.5 

0.5 

96.4 

95.0 

98.3 

98.5 

96.9 

93.2 

98.0 

97.7 

98.4 
94.9 

99.4 
99.3 

6.1 

7.4 

7.4 

7.0 

98.3 

97.5 

98.3 

97.9 

21.0 

31.0 

18.0 

23.0 

20.5 

22.5 
16.0 

20.5 

1.4 

1.7 

2.0 

1.6 

Avq.  92.5 
Std  Dv  1.2 
90Z  Cl  1.4 

82.7 

1.9 

2.2 

9.8 

1.2 

1.4 

7.2 

0.7 

0.8 

0.4 

0.1 

0.1 

97.0 

1.7 

2.0 

96.4 

2.2 

2.6 

98.0 

2.1 

2.5 

7.0 

0.6 

0.7 

98.0 

0.4 

0.5 

23.2 

5.6 

6.5 

19.9 

2.7 

3.2 

1.7 

0.2 

0.3 

NOISE  INDEXES  CALCULATED  USING  MEASURED  DATA  UNCQRRFriFn 

FOR  TEMPERATURE, HUMIDITY.OR  AIRCRAFT1 DEDICATION  FRM  REF  FLIGHT  TRACK 


* 


TABLE  HO.  A. 7-2. 2 


BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
SUMMARY  NOISE  LEVEL  DATA 
AS  MEASURED  * 


D8T/TSC 

6/13/84 


SITE*.  2 


S1DELIHE  -  150  M.  SOUTH  JULY  12,1983 


EV 

SEL 

ALa 

SEL-ALa 

K(A) 

Q 

EPNL 

500  FT. 

,  FLYOVER  - 

TARGET  IAS  135  KTS 

Cll 

85.4 

77.3 

8.0 

7.2 

0.5 

90.3 

C12 

87.9 

80.9 

7.1 

6.8 

0.5 

93.0 

C13 

86.2 

77.8 

8.4 

7.6 

0.6 

90.8 

C14 

87.1 

79.0 

8.1 

7.0 

0.4 

91.5 

Avq. 
Std  Dv 

86.7 

78.7 

7.9 

7,2 

0.5 

91.4 

1.1 

1.6 

0.6 

0.4 

0.0 

1.2 

902  Cl 

1.3 

1.8 

0.7 

0.4 

0.1 

1.4 

PNLa 

PNLTi 

K(P) 

OASPLa  DUR(A)  MR(P) 

TC 

91.7 

92.8 

6.8 

100.1 

13.0 

12.5 

1.1 

95.1 

96.1 

6.5 

102.0 

11.0 

11.5 

0.9 

92.2 

93.1 

7.2 

99.9 

12.5 

12.0 

1.0 

93.0 

93.9 

6.7 

100.2 

14.5 

13.5 

1.0 

93.0 

94.0 

6.8 

100.6 

12.7 

12.4 

1.0 

1.5 

1.5 

0.3 

1.0 

1.4 

0.9 

0.1 

1.8 

1.7 

0.3 

1.1 

1.7 

1.0 

0.1 

500  FT.  FLYOVER  --  TARGET  IAS  135  KTS  (ICAO) 


A1 

86.6 

77.9 

8.7 

6.8 

0.4 

92.2 

A2 

86.4 

77.5 

8.9 

7.2 

0.4 

91.9 

A3 

86.7 

77.1 

9.6 

7.4 

0.5 

92.2 

A4 

86.6 

78.0 

8.4 

7.1 

0.4 

92.4 

A5 

86.4 

77.1 

9.3 

7.4 

0.5 

92.2 

A6 

86.4 

77.4 

9.0 

7.5 

0.5 

91.7 

Avq. 

86.5 

77.5 

9.0 

7.2 

0.5 

92.1 

Std  Dv 

0.1 

0.4 

0.4 

0.3 

0.0 

0.3 

902  Cl 

0.1 

0.3 

0.3 

0.2 

0.0 

0.2 

93.2 

94.4 

6.1 

98.6 

19.0 

19.0 

1.2 

91.7 

93.0 

7.1 

99.3 

17.5 

17.5 

1.3 

92.4 

93.1 

7.2 

98.3 

19.5 

18.0 

0.7 

92.0 

93.4 

7.2 

100.2 

16.5 

18.0 

1.7 

92.9 

94.1 

6.6 

98.3 

18.0 

17.0 

1.4 

92.2 

93.0 

7.1 

97.2 

16.0 

17.0 

0.9 

92.4 

93.5 

6.9 

98.7 

17.7 

17.7 

1.2 

0.6 

0.6 

0.4 

1.0 

1.4 

0.8 

0.4 

0.5 

0.5 

0.4 

0.9 

1.1 

0.6 

0.3 

500  FT.  FLYOVER  -  TARGET  IAS  135  KTS  (Mi  IT  ARY) 


87 

87.5 

78.9 

8.5 

7.2 

0.5 

93.0 

94.6 

95.4 

6.9 

98.9 

15.5 

12.5 

0.9 

88 

87.6 

79.5 

8.1 

6.9 

0.4 

93.8 

94.8 

95.9 

6.4 

100.6 

14.5 

17.0 

1.1 

89 

87.9 

80.5 

7.4 

7.1 

0.5 

94.0 

95.7 

96.9 

6.8 

99.6 

31.0 

11.0 

1.1 

BIO 

87.5 

78.6 

8.9 

6.9 

0.4 

92.9 

93.5 

94.9 

6.5 

99.4 

19.5 

17.5 

1.4 

Avq. 

87.6 

79.4 

8.2 

7.0 

0.4 

93.4 

94.7 

95.8 

6.7 

99.6 

15.1 

14.5 

1.1 

Std  Dv 

0.2 

0.8 

0.6 

0.1 

0.0 

0.5 

0.9 

0.8 

0.3 

0.7 

3.5 

3.2 

0.2 

902  Cl 

0.2 

0.9 

0.7 

0.2 

0.1 

0.6 

1.1 

1.0 

0.3 

0.8 

4.1 

3.8 

0.2 

500  FT 

.  FLYOVER  - 

TARGET  IAS  120  KTS 

D15 

85.5 

77.0 

8.4 

7.0 

0.4 

90.3 

90.4 

91.3 

7,6 

99.0 

16.0 

15.5 

0.9 

D16 

86.2 

76.9 

9.4 

7.3 

0.5 

90.2 

90.0 

90.9 

7.6 

99.0 

19.0 

17.0 

0.9 

D17 

84.7 

76.3 

8.4 

7.4 

0.5 

89.6 

89.9 

90.9 

7.3 

98.8 

14.0 

15.5 

0.9 

D18 

86.5 

77.7 

8.9 

7.2 

0.5 

90.7 

91.1 

92.3 

7.0 

99.1 

17.0 

16.0 

1.2 

D19 

85.0 

76.9 

8.2 

8.2 

0.7 

- 

90.9 

91.8 

- 

99.6 

10.0 

“ 

0.9 

Avq. 

85.6 

76.9 

8.7 

7.4 

0.5 

90.2 

90.5 

91.4 

7.4 

99.1 

15.2 

16.O 

1.0 

Std  Dv 

0.8 

0.5 

0.5 

0.4 

0.1 

0.5 

0.5 

0.6 

0.3 

0.3 

3.4 

0.7 

0.2 

902  Cl 

0.7 

0.5 

0.5 

0.4 

0.1 

0.5 

0.5 

0.6 

0.3 

0.3 

3.3 

0.8 

0.2 

»  -  NOISE  INDEXES  CALCULATED  USING  MEASURED  DATA  UNCORRECTED 

FOR  TEMPERATURE, HUMIDITY, OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


TABLE  HO.  A. 7-2. 3 


DOT/TSC 

6/13/84 


BOEING  VERTOL  CH-470  HELICOPTER  (CHINOOK) 
SUHHARY  NOISE  LEVEL  DATA 
AS  NEASURED  * 


SITE:  2  SIDELINE  -  150  H.  SOUTH  JULY  12,1983 


EV 

SEL 

ALt 

SEL-ALi 

K(A) 

G 

EPNL 

PNL» 

PNLTi 

KIP) 

OASPL*  DUR(A) 

DUR(P) 

TC 

500  FT. 

FLYOVER  -  ' 

TARGET  IAS  105  KTS 

E20 

86.7 

77.6 

9.1 

7.0 

0.4 

90.9 

90.9 

92.2 

6.8 

97.8 

19.5 

18.5 

1.3 

E21 

84.2 

74.9 

9.3 

8.1 

0.6 

- 

88.8 

90.3 

- 

97.0 

14.0 

- 

1.5 

E22 

85.4 

75.9 

9.4 

7.3 

0.4 

89.4 

89.1 

90.6 

7.0 

96.9 

19.5 

18.0 

1.5 

E23 

63.9 

75.2 

8.7 

7.4 

0.5 

88.6 

89.5 

90.6 

7.1 

96.7 

15.0 

13.5 

1.1 

E24 

85.4 

.0 

9.4 

7.5 

0.5 

89.5 

88.9 

89.8 

7.7 

96.7 

18.0 

18.0 

1.2 

E25 

85.0 

75.3 

9.7 

7.6 

0.5 

89.5 

88.9 

90.2 

7.4 

97.9 

18.5 

18.0 

1.4 

Avg. 

85.1 

75.8 

9.3 

7.5 

0.5 

89.6 

89.3 

90.e 

7.2 

97.2 

17.4 

17.2 

1.3 

Std  Dv 

1.0 

1.0 

0.3 

0.4 

0.1 

0.8 

0.8 

0.8 

0.4 

0.5 

2.4 

2.1 

0.2 

901  Cl 

0.8 

0.8 

0.3 

0.3 

0.1 

0.8 

0.7 

0.7 

0.3 

0.4 

1.9 

2.0 

0.1 

1000  FT.  FLYOVER  - 

TARGET 

IAS  135  KTS 

F26 

84.0 

74.6 

9.3 

7.4 

0.5 

88.2 

88.8 

89.6 

7.0 

96.5 

18.5 

16.5 

0.8 

F27 

84.7 

75.6 

9.1 

7.3 

0.5 

88.5 

87.9 

89.1 

7.8 

95.5 

17.5 

16.0 

1.3 

F28 

84.4 

75.2 

9.2 

7.2 

0.4 

88.4 

88.2 

89.1 

7.4 

94.6 

18.5 

18.0 

0.9 

F29 

83.9 

74.2 

9.7 

7.8 

0.5 

88.2 

88.4 

89.0 

7.8 

94.9 

17.5 

15.0 

0.5 

Avg. 

84.2 

74.9 

9.3 

7.4 

0.5 

88.3 

88.3 

89.2 

7.5 

95.4 

18.0 

16.4 

0.9 

Std  Dv 

0.4 

0.6 

0.3 

0.3 

0.0 

0.1 

0.4 

0.3 

0.4 

0.8 

0.6 

1.2 

0.3 

902  Cl 

0.4 

0.7 

0.3 

0.3 

0.0 

0.2 

0.5 

0.3 

0.4 

1.0 

0.7 

1.5 

0.4 

TAKEOFF  -  TARGET  IAS  85  KTS  (ICAO) 

640 

88.2 

78.9 

9.3 

7.5 

0.5 

92.4 

91.8 

93.4 

7.6 

98.8 

17.0 

15.5 

1.6 

G41 

88.3 

78.9 

9.5 

8.1 

0.6 

92.7 

92.6 

93.7 

7.4 

99.0 

15.0 

16.5 

1.1 

G42 

87.6 

78.5 

9.0 

7.9 

0.6 

91.6 

92.5 

93.6 

7.2 

99.3 

14.0 

13.0 

1.1 

G43 

88.2 

79.0 

9.2 

8.1 

0.6 

92.6 

93.2 

94.2 

7.6 

99.1 

13.5 

12.5 

1.1 

G44 

88.1 

78.6 

9.6 

7.9 

0.6 

92.8 

93.0 

94.1 

7.3 

98.3 

16.0 

15.0 

1.2 

G45 

87.7 

78.4 

9.3 

7.1 

0.4 

92.1 

92.5 

93.5 

6.8 

99.1 

20.0 

18.5 

1.0 

Avg. 

88.0 

78.7 

9.3 

7.8 

0.5 

92.4 

92.6 

93.8 

7.3 

98.9 

15.9 

15.2 

1.2 

Std  Dv 

0.3 

0.3 

0.2 

0.4 

0.1 

0.4 

0.5 

0.3 

0.3 

0.3 

2.4 

2.2 

0.2 

902  Cl 

0.3 

0.2 

0.2 

0.3 

0.1 

0.4 

0.4 

0.3 

0.3 

0.3 

2.0 

1.8 

0.2 

APPROACH  - 

TARGET 

IAS  85  KTS  (ICAO) 

H30 

91.7 

82.7 

9.0 

7.2 

0.5 

96.7 

97.1 

99.0 

6.6 

100.7 

17.5 

15.0 

1.9 

H31 

90.6 

80.6 

10.0 

7.7 

0.5 

95.4 

94.6 

96.3 

7.4 

100.6 

20.0 

17.0 

1.6 

H32 

91.4 

81.9 

9.5 

7.6 

0.5 

96.4 

95.9 

97.7 

7.6 

100.3 

17.5 

14,0 

1.8 

H33 

92.6 

84.2 

8.4 

6.6 

0.4 

97.4 

98.2 

99.9 

6.5 

100.2 

18.5 

14.5 

1.7 

H34 

91.3 

82.7 

8.6 

6.9 

0.4 

96.2 

96.9 

98.9 

6.5 

99.3 

17.5 

13.0 

2.1 

H35 

91.2 

82.0 

9.2 

7.4 

0.5 

95.8 

96.2 

98.1 

6.5 

100.7 

18.0 

15.5 

1.9 

Avg. 

91.5 

82.4 

9.1 

7.2 

0.5 

96.3 

96.5 

98.3 

6.8 

100.3 

18.2 

14.8 

1.8 

Std  Dv 

0.7 

1.2 

0.6 

0.4 

0.1 

0.7 

1.2 

1.2 

0.5 

0.5 

1.0 

1.4 

0.2 

902  Cl 

0.5 

1.0 

0.5 

0.3 

0.0 

0.6 

1.0 

1.0 

0.4 

0.4 

0.8 

1.1 

0.1 

*  -  NOISE  INDEXES  CALCULATED  USING  NEASURED  DATA  UNCORRECTED 

FOR  TEHPERATURE, HUMIDITY, OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


TABLE  NO.  A. 7-3.1 


BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
SUMMARY  NOISE  LEVEL  DATA 


OOT/TSC 

6/13/84 


AS  MEASURED  » 


EV 


SITE:  3 

SEL  AL»  S£L-AL»  K(A) 


SIDELINE  -  150  H.  NORTH 
Q  EPNL  PNL»  PNLTn  KIP) 


JULY  12,1983 

OASPLi  Dl)R(A)  DUR(P)  TC 


TAKEOFF  -  TARGET  IAS  85  KTS 


J47 

84.8 

75.9 

8.9 

6.9 

0.4 

- 

87.5 

88.2 

- 

91.4 

19.5 

- 

0.8 

J49 

85.8 

77.1 

8.7 

7.1 

0.4 

90.4 

89.4 

90.8 

7.3 

96.2 

16.5 

20.5 

1.4 

J51 

85.5 

76.7 

8.9 

7.2 

0.5 

90.2 

89.7 

90.8 

7.6 

96.9 

17.0 

17.5 

1.3 

Avq. 

85.4 

76.6 

8.8 

7.1 

0.4 

90.3 

88.9 

39.9 

7.4 

94.8 

17.7 

19.0 

1.2 

Std  Dv 

0.5 

0.6 

0.1 

0.2 

0.0 

0.1 

1.2 

1.5 

0.2 

3.0 

1.6 

2.1 

0.3 

901  Cl 

0.8 

1.0 

0.2 

0.3 

0.1 

0.6 

2.1 

2.5 

0.7 

5.1 

2.7 

9.5 

0.6 

TAKEOFF  -  TARGET  IAS  70  KTS 

(MILITARY) 

L53 

86.4 

78.6 

7.7 

6.9 

0.5 

91.6 

92.1 

93.5 

7.2 

97.5 

13.0 

13.0 

1.5 

L54 

86.4 

77.7 

8.7 

7.2 

0.5 

91.6 

92.2 

93.4 

7.0 

97.6 

16.0 

15.0 

1.2 

L55 

87.2 

78.7 

8.5 

6.8 

0.4 

92.2 

91.8 

93.4 

7.3 

96.8 

17.5 

16.5 

2.4 

Avq. 

86.6 

78.4 

8.3 

7.0 

0.4 

91.8 

92.0 

93.4 

7.2 

97.3 

15.5 

14.8 

1.7 

Std  Dv 

0.4 

0.5 

0.5 

0.2 

0.0 

0.4 

0.2 

0.1 

0.1 

0.4 

2.3 

1.8 

0.6 

90Z  Cl 

0.7 

0.9 

0.8 

0.3 

0.1 

0.6 

0.4 

0.2 

0.2 

0.7 

3.9 

3.0 

1.0 

APPROACH  - 

TARGET 

IAS  100  KTS 

K46 

93.5 

86.1 

7.5 

6.8 

0.4 

97.9 

98.9 

100.5 

6.9 

100.2 

12.5 

12.0 

1.6 

K48 

92.4 

84.5 

7.9 

6.5 

0.4 

96.4 

97.4 

99.1 

6.2 

98.5 

16.0 

14.5 

1.7 

K50 

92.4 

84.8 

7.6 

6.8 

0.4 

96.2 

96.7 

98.3 

7.1 

98.1 

13.0 

Ij.O 

1.6 

K52 

92.9 

84.8 

8.1 

7.2 

0.5 

96.8 

97.0 

98.8 

7.2 

98.1 

13.0 

13.0 

1.8 

Avg. 

92.8 

85.0 

7.8 

6.9 

0.4 

96.8 

97.5 

99.2 

6.8 

98.7 

13.6 

13.1 

1.7 

Std  Dv 

0.5 

0.7 

0.3 

0.3 

0.0 

0.8 

1.0 

1.0 

0.4 

1.0 

1.6 

1.0 

0.1 

90Z  Cl 

0.6 

0.8 

0.3 

0.3 

0.1 

0.9 

1.2 

1.1 

0.5 

1.2 

1.9 

1.2 

0.1 

APPROACH  - 

TARGET 

IAS  70  KTS  (MILITARY) 

136 

94.7 

87.2 

7.5 

6.7 

0.4 

99.3 

100.2 

101.8 

6.8 

100.4 

13.5 

13.0 

1.5 

137 

95.2 

87.1 

8.1 

6.5 

0.4 

99.4 

99.5 

101.5 

6.5 

100.6 

17.5 

17.0 

1.9 

138 

95.3 

86.8 

8.5 

6.7 

0.4 

99.6 

100.1 

101.9 

6.6 

100.2 

18.5 

14.5 

1.8 

139 

93.4 

84.3 

9.1 

7.1 

0.4 

- 

98.0 

99.8 

- 

99.7 

19.0 

- 

1.8 

Avg. 

94.7 

86.4 

8.3 

6.7 

0.4 

99.4 

99.5 

101.2 

6.6 

100.2 

17.1 

14.8 

1.8 

Std  Dv 

0.9 

1.4 

0.7 

0.3 

0.0 

0.2 

1.0 

1.0 

0.1 

0.4 

2.5 

2.0 

0.2 

90Z  Cl 

1.0 

1.7 

0.8 

0.3 

0.0 

0.3 

1.2 

1.1 

0.2 

0.5 

2.9 

3.4 

0.2 

»  -  NOISE  INDEXES  CALCULATED  USING  MEASURED  DATA  UNCORRECTED 

FOR  TEMPERATURE, HUMIDITY, OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


TABLE  NO.  A. 7-3. 2 


DOT/TSC 

6/13/8A 


BOEING  VERTOL  CH-A7D  HELICOPTER  (CHINOOK) 
SUHMARY  NOISE  LEVEL  DATA 
AS  MEASURED  * 


SITES  3  SIDELINE  -  150  N.  NORTH  JULY  12,1983 


EV 

SEL 

ALi 

SEL-ALi 

K(  A) 

Q 

EPNL 

PNLi 

PNLTi 

K(P) 

OASPLi  DUR(A> 

DUR(P) 

TC 

500  FT, 

,  FLYOVER  - 

TARGET  IAS  135  KTS 

Cll 

BA. 6 

79.1 

7. A 

6.9 

0.5 

91.0 

93. A 

9A.2 

6.5 

99.3 

12.0 

11.0 

0.9 

C12 

86.5 

78.5 

8.0 

7.3 

0.5 

91.0 

92.8 

93.7 

6.6 

100.3 

12.5 

12.5 

0.9 

C13 

86.8 

79.0 

7.8 

7.5 

0.6 

91.7 

93.1 

9A.2 

7.5 

99.5 

11.0 

10.0 

1.1 

CIA 

87.2 

79. A 

7.8 

7.1 

0.5 

91.8 

92.9 

9A.1 

6.8 

100.1 

12.5 

1A.0 

1.2 

Avg. 

86.8 

79.0 

7.7 

7.2 

0.5 

91. A 

93.1 

9A.1 

6.9 

99.8 

12.0 

11.9 

1.0 

sta  dv 

0.3 

O.A 

0.2 

0.3 

0.0 

O.A 

0.3 

0.2 

0.5 

0.5 

0.7 

1.7 

0.1 

90Z  Cl 

O.A 

O.A 

0.3 

0.3 

0.0 

0.5 

0.3 

0.3 

0.5 

0.6 

0.8 

2.1 

0.2 

500  FT 

.  FLYOVER  - 

TARGET  IAS  135  KTS  (ICAO) 

A1 

86.0 

78.0 

8.0 

7.2 

0.5 

90.9 

91.5 

92.7 

7.0 

98.8 

13.0 

1A.5 

1.2 

A2 

87.1 

78. A 

8.7 

7. A 

0.5 

92. A 

92.5 

93.7 

7.3 

9B.8 

15.0 

15.5 

1.2 

A3 

87.6 

78.7 

8.9 

7.2 

O.A 

92.6 

92.6 

93.5 

7.3 

100.0 

17.5 

17.0 

0.9 

AA 

87.1 

77.9 

9.2 

7.3 

0.5 

92.5 

92.6 

93.6 

7.2 

99.0 

18.0 

17.5 

1.0 

A5 

86.5 

77.8 

8.7 

7.2 

0.5 

91.6 

91.7 

92.5 

7.5 

97.9 

16.5 

16.5 

1.3 

AA 

86. A 

77.1 

9. A 

7.5 

0.5 

91. A 

91.3 

92.1 

7.7 

98.8 

17.5 

16.0 

1.0 

Avg. 

86.8 

78.0 

8.8 

7.3 

0.5 

91.9 

92.0 

93.0 

7.3 

98.9 

16.2 

16.2 

1.1 

Std  Ov 

0.6 

0.6 

0.5 

0.2 

0.0 

0.7 

0.6 

0.7 

0.2 

0.7 

1.9 

1.1 

0.1 

90Z  Cl 

0.5 

0.5 

O.A 

0.1 

0.0 

0.6 

0.5 

0.5 

0.2 

0.6 

1.6 

0.9 

0.1 

500  FT 

.  FLYOVER  - 

TARGET  IAS  135  KTS  (MILITARY) 

B7 

87. A 

78.9 

8.5 

7.2 

0.5 

92.1 

92.9 

9A.3 

6.8 

98.7 

15.0 

1A.0 

1.3 

B8 

89.8 

81.2 

8.6 

7.5 

0.5 

95.6 

96.5 

97.6 

7.1 

99. A 

1A.0 

13.5 

1.1 

B9 

88.0 

81.2 

6.8 

6.8 

0.5 

93.9 

95.9 

97.1 

6.5 

100.3 

10.0 

11.0 

1.2 

BIO 

88.8 

80.0 

8.8 

7.1 

O.A 

93.9 

9A.6 

95.0 

7.2 

99. A 

17.0 

17.5 

0.7 

Avg. 

88.5 

80. A 

8.2 

7.2 

0.5 

93.9 

95.0 

96.0 

6.9 

99.A 

1A.0 

1A.0 

1.1 

Sto  Dv 

1.0 

1.1 

0.9 

0.3 

0.0 

l.A 

1.6 

1.6 

0.3 

0.7 

2.9 

2.7 

0.3 

90Z  Cl 

1.2 

1.3 

1.1 

0.3 

0.0 

1.7 

1.9 

1.9 

O.A 

0.8 

3.5 

3.1 

0.3 

500  FT 

.  FLYOVER  - 

TARGET  IAS  120  KTS 

D15 

8A.9 

76.7 

8.1 

7.2 

0.5 

89.0 

89.9 

91.2 

7.0 

97.3 

13.5 

13.5 

1.3 

D16 

86.3 

77.9 

6.3 

7.1 

0.5 

90.9 

90.9 

92.3 

7.2 

98.6 

15.0 

15.5 

l.A 

D17 

85.3 

76.8 

8.6 

7.5 

0.5 

89. A 

90.3 

91.5 

7.0 

97.5 

1A.0 

13.5 

1.1 

D18 

85.6 

77.2 

8. A 

7. A 

0.5 

89.9 

90.9 

92.3 

6.9 

98.8 

13.5 

12.5 

1.5 

D19 

85.6 

78.1 

7.5 

7.2 

0.5 

89.8 

91.6 

92.9 

7.0 

98.5 

11.0 

10.0 

1.3 

Avg. 

85.5 

77. A 

8.2 

7.3 

0.5 

89.8 

90.7 

92.0 

7.0 

98.1 

13. A 

13.0 

1.3 

Sid  Dv 

0.5 

0.7 

O.A 

0.2 

0.0 

0.7 

0.6 

0.7 

0.1 

0.7 

1.5 

2.0 

0.1 

90Z  Cl 

0.5 

0.6 

O.A 

0.2 

0.0 

0.7 

0.6 

0.6 

0.1 

0.7 

l.A 

1.9 

0.1 

«  -  NOISE  INDEXES  CALCULATED  USING  MEASURED  DATA  UNCORRECTED 

FOR  TEMPERATURE, HUMIDITY ,0R  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


TABLE  HO.  A.7-3.3 


DOT/TSC 

6/13/84 


BOEING  VERTOL  CH-470  HELICOPTER  (CHINOOK) 
SUMMARY  NOISE  LEVEL  DATA 
AS  MEASURED  * 


SITE:  3  SIDELINE  -  150  H.  NORTH  JULY  12,1983 


EV 

SEL 

ALk 

SEL-ALk 

K(A) 

Q 

EPNL 

PNLk 

PNLTk 

KIP) 

OASPLk  DUR(A)  DUR(P) 

TC 

500  FT. 

,  FLYOVER  --  ' 

TARGET  IAS  105  KTS 

E20 

86.4 

77.1 

9.3 

7.2 

0.4 

90.7 

91.1 

92.6 

6.6 

98.0 

19.5 

16.5 

1.5 

E21 

85.5 

77.1 

8.5 

7.2 

0.5 

89.7 

90.9 

92.3 

6.5 

96.0 

15.0 

13.5 

1.4 

E22 

85.2 

75.9 

9.2 

7.2 

0.4 

89.4 

89.1 

90.6 

7.2 

96.1 

19.0 

16.5 

1.5 

E23 

85.0 

76.7 

8.3 

7.4 

0.5 

89.2 

90.2 

91.6 

7.1 

95.6 

13.5 

12.0 

1.4 

E24 

85.1 

76.4 

8.7 

7.1 

0.4 

89.3 

90.2 

91.4 

6.6 

95.6 

17.0 

16.0 

1.2 

E25 

85.3 

77.1 

8.1 

7.5 

0.5 

89.4 

90.3 

91.8 

7.0 

96.5 

12.0 

12.0 

1.5 

Avq. 

85.4 

76.7 

8.7 

7.3 

0.5 

89.6 

90.3 

91.7 

6.9 

96.3 

16.0 

14.4 

1.4 

Std  Dv 

0.5 

0.5 

0.5 

0.2 

0.0 

0.5 

0.7 

0.7 

0.3 

0.9 

3.0 

2.2 

0.1 

90Z  C! 

0.4 

0.4 

0.4 

0.1 

0.0 

0.4 

0.6 

0.6 

0.2 

0.7 

2.5 

1.8 

0.1 

1000  FT.  FLYOVER  -- 

TARGET 

IAS  135  KTS 

F26 

85.8 

77.6 

8.2 

7.0 

0.4 

90.0 

91.7 

92.2 

6.8 

95.6 

15.0 

14.0 

0.5 

F27 

85.8 

78.5 

7.3 

6.2 

0.4 

89.8 

92.4 

93.2 

6.0 

95.1 

15.0 

12.5 

0.8 

F28 

85.2 

77.1 

8.1 

7.3 

0.5 

B9.4 

91.3 

92.0 

6.9 

95.0 

13.0 

12.0 

0.7 

F29 

84.5 

75.7 

8.8 

7.2 

0.4 

88.4 

89.9 

90.5 

6.6 

94.5 

17.0 

16.0 

0.6 

Avq. 
Std  Dv 

85.3 

77.2 

8.1 

6.9 

0.4 

89.4 

91.3 

92.0 

6.6 

95.0 

15.0 

13.6 

0.7 

0.6 

1.2 

0.6 

0.5 

0.1 

0.7 

1.0 

1.1 

0.4 

0.4 

1.6 

1.8 

0.1 

902  Cl 

0.7 

1.4 

0.7 

0.6 

0.1 

0.8 

1.2 

1.3 

0.4 

0.5 

1.9 

2.1 

0.2 

TAKEOFF  —  TARGET  IAS  85  KTS  (ICAO) 

G40 

86.8 

78.4 

8.4 

7.3 

0.5 

- 

91.6 

92.6 

- 

98.3 

14.5 

_ 

1.1 

G41 

86.8 

78.8 

8.0 

7.1 

0.5 

91.9 

92.4 

93.5 

7.3 

99.1 

13.5 

14.0 

1.3 

G42 

87.6 

79.9 

7.7 

7.1 

0.5 

92.7 

93.4 

95.1 

7.2 

99  3 

12.5 

11.5 

1.8 

643 

86.6 

78.5 

8.1 

7.3 

0.5 

91.8 

92.9 

93.8 

7.2 

99.8 

13.0 

12.5 

0.9 

G44 

87.8 

79.7 

8.1 

7.6 

0.6 

92.6 

93.1 

94.7 

7.5 

99.5 

11.5 

11.5 

1.6 

G45 

87.3 

78.9 

8.4 

7.7 

0.6 

92.1 

93.2 

94.1 

7.4 

99.7 

12.5 

12.0 

0.9 

Avq. 

87.2 

79.0 

8.1 

7.3 

0.5 

92.2 

92.8 

94.0 

7.3 

99.3 

12.9 

12.3 

1.3 

Std  Dv 

0.5 

0.6 

0.3 

0.3 

0.0 

0.4 

0.7 

0.9 

0.1 

0.5 

1.0 

1.0 

0.4 

902  Cl 

0.4 

0.5 

0.2 

0.2 

0.0 

0.4 

0.' 

0.7 

0.1 

0.5 

0.8 

1.0 

0.3 

APPROACH  - 

TARGET  IAS  85  KTS  (ICAO) 

H30 

95.1 

86.7 

8.4 

6.8 

0.4 

99.2 

100.1 

101.6 

6.3 

99.9 

17.5 

16.5 

1.5 

H31 

95.0 

86.2 

8.7 

7.6 

0.5 

99.4 

99.2 

101.1 

7.4 

100.0 

14.0 

13.5 

1.9 

H32 

94.1 

87.7 

6.4 

6.3 

0.4 

98.7 

100.3 

101.9 

6.8 

99.3 

10.5 

10.0 

1.6 

H33 

94.7 

87.8 

7.0 

6.3 

0.4 

99.1 

101.4 

102.6 

6.1 

100.5 

12.5 

11.5 

1.3 

H34 

94.2 

86.1 

8.1 

6.6 

0.4 

98.8 

99.6 

101.3 

6.9 

100.4 

17.0 

12.5 

1.7 

H35 

95.0 

88.3 

6.7 

6.2 

0.4 

99.4 

101.2 

103.2 

5.9 

101.1 

12.0 

11.0 

2.0 

Avq. 
Std  Dv 

94.7 

87.2 

7.6 

6.6 

0.4 

99.1 

100.3 

101.9 

6.6 

100.2 

13.9 

12.5 

1.7 

0.4 

0.9 

1.0 

0.5 

0.1 

0.3 

0.9 

0.8 

0.6 

0.6 

2.8 

2.3 

0.3 

902  Cl 

0.3 

0.8 

0.8 

0.4 

0.0 

0.2 

0.7 

0.7 

0.5 

0.5 

2.3 

1.9 

0.2 

*  -  NOISE  INDEXES  CALCULATED  USING  ICASURED  DATA  UNCORRECTED 

FOR  TE«PERATURE,HUNID!TY,OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


TABLE  NO.  A. 7-4.1 


BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
SUNNARY  NOISE  LEVEL  DATA 


OOT/TSC 

6/13/84 


EV 


AS  NEASURED  * 

SITE:  4 

CENTERLINE  -  150  N. 

WEST 

JULY  12,1983 

ALt  SEL-AL*  K(A) 

Q  EPNL  PNL» 

PNLT*  KIP) 

OASPL*  DUR(A)  DUR(P) 

TAKEOFF  -  TARGET  IAS  85  KTS 


J47 

85.0 

76.8 

8.2 

6.7 

0.4 

- 

88.7 

89.4 

- 

90.6 

17.0 

- 

0.6 

J49 

85.0 

76.8 

8.2 

7.1 

0.5 

88.9 

88.9 

89.8 

7.3 

91.5 

14,5 

17.5 

0.9 

J51 

85.4 

76.9 

8.5 

7.2 

0.5 

89.6 

89.6 

90.5 

7.5 

92.2 

15.5 

16.5 

0.9 

Avg. 

85.1 

76.8 

8.3 

7.0 

0.4 

89.2 

89.1 

89.9 

7.4 

91.4 

15.7 

17.0 

0.8 

Std  Dv 

0.3 

0.1 

0.2 

0.-3 

0.0 

0.5 

0.5 

0.6 

0.1 

0.8 

1.3 

0.7 

0.1 

902  Cl 

0.4 

0.1 

0.3 

0.4 

0.1 

2.3 

0.8 

0.9 

0.5 

1.4 

2.1 

3.2 

0.2 

TAKEOFF 

:  -  TARGET  IAS  70  KTS 

(HIL1TARY) 

L53 

88.3 

80.1 

8.3 

7.3 

0.5 

93.4 

94.5 

95.1 

7.1 

97.7 

13.5 

14.5 

0.6 

L54 

87.8 

81.0 

6.8 

6.3 

0.4 

92.6 

93.7 

94.7 

7.0 

95.4 

12.0 

13.5 

1.0 

L55 

89.4 

82.2 

7.2 

6.7 

0.4 

94.3 

95.5 

96.3 

6.8 

97.5 

12.0 

15.0 

0.9 

Avg. 

88.5 

81.1 

7.4 

6.8 

0.4 

93.4 

94.5 

95.4 

7.0 

96.9 

12.5 

14.3 

0.8 

Std  Ov 

0.8 

1.1 

0.7 

0.5 

0.0 

0.9 

0.9 

0.9 

0.2 

1.2 

0.9 

0.8 

0.2 

902  Cl 

1.3 

1.8 

1.3 

0.8 

0.1 

1.4 

1.5 

1.4 

0.3 

2.1 

1.5 

1.3 

0.3 

APPROACH  - 

TARGET 

IAS  100  KTS 

K46 

96.9 

89.7 

7.2 

6.2 

0.4 

100.7 

102.8 

103.5 

6.7 

100.9 

14.5 

12.0 

0.6 

K48 

95.2 

88.8 

6.4 

6.2 

0.4 

99.2 

102.4 

103.1 

6.1 

100.3 

10.5 

10.0 

0.9 

K5T 

95.6 

89.3 

6.3 

6.6 

0.5 

99.4 

102.4 

103.0 

6.6 

99.7 

9.0 

9.5 

0.6 

K52 

95.7 

89.0 

6.8 

6.8 

0.5 

99.6 

102.3 

102.9 

6.7 

100.2 

10.0 

10.0 

0.7 

Avg. 

95.9 

89.2 

6.6 

6.4 

0.4 

99.7 

102.5 

103.1 

6.5 

100.3 

11.0 

10.4 

0.7 

Std  Dv 

0.7 

0.4 

0.4 

0.3 

0.1 

0.7 

0.2 

0.2 

0.3 

0.5 

2.4 

1.1 

0.1 

902  Cl 

0.9 

0.5 

0.5 

0.3 

0.1 

0.8 

0.3 

0.3 

0.4 

0.6 

2.8 

1.3 

0.2 

APPROACH  - 

TARGET 

IAS  70  KTS  (N1LITARY) 

136 

97.0 

89.0 

8.0 

6.8 

0.4 

100.7 

102.1 

103.0 

7.0 

100.3 

15.0 

13.0 

0.9 

137 

96.9 

88.4 

8.6 

7.2 

0.5 

100.7 

101.2 

102.2 

7.3 

100.5 

15.5 

15.0 

0.9 

138 

97.8 

90.4 

7.4 

6.8 

0.4 

101.9 

103.2 

104.1 

7.0 

101.5 

12.5 

13.0 

0.9 

139 

97.6 

89.6 

8.0 

6.8 

0.4 

101.8 

102.6 

103.5 

7.0 

101.1 

15.5 

15.0 

0.8 

Avg. 

97.3 

89.3 

8.0 

6.9 

0.4 

101.3 

102.3 

103.2 

7.1 

100.9 

14.6 

14.0 

0.9 

Std  Dv 

0.4 

0.9 

0.5 

0.2 

0.0 

0.6 

0.8 

0.8 

0.1 

0.6 

1.4 

1.2 

0.0 

902  Cl 

0.5 

1.0 

0.6 

0.3 

0.0 

0.8 

1.0 

1.0 

0.2 

0.7 

1.7 

1.4 

0.1 

»  -  NOISE  INDEXES  CALCULATED  USING  NEASURED  DATA  UNCORRECTED 

FOR  TENPERATURE,HUNID1TY,0R  AIRCRAFT  DEVIATION  FRON  REF  FLIGHT  TRACK 


TABLE  MO.  ft. 7-4. 2 


BOEING  VEKTOL  CH-47D  HELICOPTER  (CHINOOK) 
SUMMARY  NOISE  LEVEL  DATft 


DOT/TSC 

6/13/84 


AS  HEASURED  * 


SITE:  4  CENTERLINE  -  150  M.  NEST  JULY  12,1983 


EV 

SEL 

ALa 

SEL- ALa  K< A) 

G 

EPNL 

PNLa 

PNLTa 

K(P) 

OASPLa  OUR(A) 

DUR(P) 

TC 

500  FT 

.  FLYOVER  - 

TARGET 

IAS  135  KTS 

Cll 

86. 5 

79.4 

7.1 

6.5 

0.4 

90.6 

93.1 

93.4 

6.5 

93.4 

12.5 

12.5 

0.4 

C12 

88.7 

80.6 

8.2 

7.9 

0.6 

93.1 

95.1 

95.6 

7.3 

96.2 

11.0 

10.5 

0.5 

C13 

87.4 

80.5 

6.9 

7.1 

0.5 

91.8 

95.4 

95.6 

6.6 

96.5 

9.5 

8.5 

0.2 

C14 

87.6 

79.5 

8.1 

7.6 

0.6 

92.1 

94.2 

94.6 

7.1 

94.4 

11.5 

11.5 

0.3 

Avg. 

87.6 

80.0 

7.6 

7.3 

0.5 

91.9 

94.5 

94.8 

6.9 

95.1 

11.1 

10.7 

0.4 

Sto  Dv 

0.9 

0.6 

0.6 

0.6 

0.1 

1.0 

1.0 

1.0 

0.4 

1.5 

1.2 

1.7 

0.1 

90Z  Cl 

1.1 

0.7 

0.8 

0.7 

0.1 

1.2 

1.2 

1.2 

0.4 

1.8 

1.5 

2.0 

0.1 

500  FT 

.  FLYOVER  - 

TARGET 

IAS  135  KTS  (ICAO) 

A1 

87.1 

79.4 

7.7 

6.5 

0.4 

92.1 

94.9 

95.3 

6.0 

95.7 

15.0 

14.0 

0.4 

A2 

87.0 

79.1 

7.9 

7.1 

0.5 

92.2 

94.0 

94.4 

6.4 

94.7 

13.0 

16.0 

0.4 

A3 

88.4 

79.9 

8.5 

6.9 

0.4 

93.6 

94.2 

95.1 

7.0 

96.1 

16.5 

16.5 

0.9 

A4 

87.9 

79.5 

8.4 

6.8 

0.4 

93.2 

94.5 

95.1 

6.5 

95.7 

17.5 

17.5 

0.6 

A5 

86.8 

78.8 

8.0 

7.1 

0.5 

92.2 

93.4 

93.9 

6.6 

95.3 

13.5 

18.0 

0.5 

A6 

86.9 

78.3 

8.6 

7.3 

0.5 

91.8 

93.5 

94.1 

6.6 

95.1 

15.0 

14.5 

0.6 

Avg. 

87.3 

79.2 

8.2 

7.0 

0.4 

92.5 

94.1 

94.6 

6.5 

95.4 

15.1 

16.1 

0.6 

St3  Dv 

0.7 

0.6 

0.4 

0.3 

0.0 

0.7 

0.6 

0.6 

0.3 

0.5 

1.7 

1.6 

0.2 

m  Cl 

0.5 

0.5 

0.3 

0.2 

0.0 

0.6 

0.5 

0.5 

0.3 

0.4 

1.4 

1.3 

0.1 

500  FT 

.  FLYOVER  - 

TARGET 

IAS  135  KTS  (MILITARY) 

B7 

90.1 

81.4 

8.7 

7.7 

0.5 

95.1 

96.3 

°6.9 

7.5 

96.4 

13.5 

12.5 

0.9 

B8 

90.3 

82.8 

7.4 

6.9 

0.5 

96.1 

98.4 

98.9 

6.7 

97.1 

12.0 

12.0 

0.5 

B9 

89.2 

83.0 

6.2 

6.6 

0.5 

95.2 

98.8 

99.2 

6.1 

97.7 

8.5 

9.5 

0.4 

BIO 

88.6 

80.3 

8.3 

6.8 

0.4 

94.5 

96.1 

96.5 

6.5 

96.8 

16.5 

17.0 

0.4 

Avg. 

89.5 

81,9 

7.7 

7.0 

0.5 

95.3 

97.4 

97.9 

6.7 

97.0 

12.6 

12.7 

0.6 

Sta  Ov 

0.8 

1.3 

1.1 

0.5 

0.1 

0.7 

1.4 

1.4 

0.6 

0.5 

3.3 

3.1 

0.2 

902  Cl 

0.9 

1.5 

1.3 

0.6 

0.1 

0.8 

1.6 

1.6 

0.7 

0.6 

3.9 

3.7 

0.3 

500  FT 

.  FLYOVER  - 

TARGET 

IAS  120  KTS 

D15 

85.6 

78.0 

7.5 

7.0 

0.5 

90.1 

91.3 

91.9 

7.3 

93.5 

12.0 

13.0 

0.6 

D16 

86.3 

78.8 

7.5 

7.0 

0.5 

90.7 

91.9 

92.5 

7.4 

93.9 

12.: 

13.0 

0.6 

D17 

85.2 

77.9 

7.3 

6.5 

0.4 

89.3 

91.5 

91.9 

6.5 

93.0 

13.0 

13.5 

0.5 

018 

86.3 

77.9 

8.4 

7.7 

0.6 

90.7 

91.7 

92.1 

7.9 

94.5 

12.5 

12.5 

0.4 

D19 

86.1 

78.2 

7.8 

7.1 

0.5 

89.9 

91.9 

92.4 

7.3 

93.8 

12.5 

10.5 

0.5 

ftyg- 

85.9 

78.2 

7.7 

7.1 

0.5 

90.1 

91.7 

92.2 

7.3 

93.7 

12.4 

12.5 

0.5 

Std  Dv 

0.5 

0.4 

0.4 

0.4 

0.1 

0.6 

0.3 

0.3 

0.5 

0.6 

0.4 

1.2 

0.1 

902  Cl 

0.5 

0.4 

0.4 

0.4 

6.1 

0.6 

0.3 

0.3 

0.5 

0.5 

0.4 

1.1 

0.1 

«  -  NOISE  INDEXES  CALCULATED  USING  MEASURED  DATA  UNCORRECTED 

FOR  TEMPERATURE, HUMIDITY, OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


TABLE  NO.  A. 7-4. 3 


BOEING  VERTQL  CH-47D  HELICOPTER  (CHINOOK) 
SUNNART  NOISE  LEVEL  DATA 


DOT/TSC 

6/13/84 


AS  MEASURED  * 


SITE:  4  CENTERLINE  -  150  H.  WEST  JULY  12,1983 


EV 

SEL 

AL» 

SEL-AL* 

K(A) 

Q 

EPNL 

PNL* 

PNLT* 

K(P) 

OASPL*  DUR(A)  DUR(P) 

TC 

500  FT, 

.  FLYOVER  - 

TARGET  IAS  105  KTS 

E20 

87.8 

78.8 

9.0 

7.4 

0.5 

92.2 

93.4 

93.8 

7.1 

93.9 

16.5 

15.0 

0.4 

E21 

85.9 

77.6 

8.3 

7.1 

0.5 

90.0 

90.6 

91.1 

7.8 

91.4 

14.5 

14.0 

0.6 

E22 

86.2 

77.3 

8.9 

7.2 

0.4 

90.4 

91.7 

92.7 

6*8 

91.0 

17.5 

13.5 

1.0 

E23 

85.3 

77.4 

7.9 

6.7 

0.4 

89.5 

90.5 

91.4 

7.3 

91.0 

15.0 

12.5 

1.1 

E24 

86.0 

77.4 

8.6 

7.1 

0.4 

- 

90.8 

91.5 

- 

92.3 

16.5 

- 

0.6 

E25 

85.8 

78.3 

7.5 

6.5 

0.4 

89.8 

91.8 

92.4 

6.3 

92.8 

14.5 

15.0 

0.6 

Avq. 

86.2 

77.8 

8.4 

7.0 

0.4 

90.4 

91.5 

92.2 

7.1 

92.1 

15.7 

14.0 

0.7 

Sto  Dv 

0.9 

0.6 

0.6 

0.3 

0.0 

1.1 

1.1 

1.0 

0.6 

1.2 

1.3 

1.1 

0.2 

902  Cl 

0.7 

0.5 

0.5 

0.3 

0.0 

1.0 

0.9 

0.8 

A.5 

0.9 

1.0 

1.0 

0.2 

1000  FT.  FLYOVER  - 

TARGET  IAS  135  KTS 

F26 

83.4 

73.7 

9.7 

7.4 

0.5 

86.8 

87.2 

87.6 

7.3 

88.4 

20.0 

18.0 

0.5 

F27 

83.6 

74.7 

8.8 

7.3 

0.5 

87.4 

88.1 

88.5 

6.5 

88.2 

16.5 

23.5 

0.4 

F28 

82.6 

73.3 

9.3 

7.6 

0.5 

86.0 

86.3 

87.0 

7.4 

86.9 

16.5 

16.5 

0.9 

F29 

83.2 

73.6 

9.7 

7.6 

0.5 

86.7 

86.0 

86.6 

7.9 

88.8 

19.0 

19.5 

0.6 

Avq. 

83.2 

73.8 

9.4 

7.5 

0.5 

86.7 

86.9 

87.4 

7.2 

88.1 

18.0 

19.4 

0.6 

Sid  Dv 

0.4 

0.6 

0.4 

0.2 

0.0 

0.6 

1.0 

0.8 

0.6 

0.8 

1.8 

3.0 

0.2 

902  Cl 

0.5 

0.7 

0.5 

0.2 

0.0 

0.7 

1.2 

1.0 

0.7 

1.0 

2.1 

3.5 

0.3 

TAKEOFF  -  TARGET  IAS  85  KTS  (ICAO) 

G40 

88.6 

81.9 

6.7 

6.4 

0.4 

93.1 

94.6 

95.0 

6.8 

96.9 

11.0 

15.0 

0.4 

G41 

87.9 

80.8 

7.2 

6.5 

0.4 

92.2 

93.4 

93.9 

7.3 

96.6 

12.5 

13.5 

0.7 

G42 

88.7 

82.0 

6.7 

6.4 

0.4 

93.0 

94.4 

95.0 

6.9 

96.6 

11.0 

14.0 

0.6 

G43 

88.4 

81.2 

7.1 

6.7 

0.4 

- 

93.5 

94.1 

95.2 

11.5 

0.7 

G44 

89.5 

83.1 

6.4 

6.4 

0.4 

93.8 

96.3 

96.7 

7.0 

96.4 

10.0 

10.5 

0.4 

G45 

89.8 

83.6 

6.2 

6.2 

0.4 

94.4 

96.5 

97.2 

6.7 

98.2 

10.0 

12.0 

0.7 

Avq. 

88.8 

82.1 

6.7 

6.4 

0.4 

93.3 

94.8 

95.3 

7.0 

96.6 

11.0 

13.0 

0.6 

Std  Dv 

0.7 

1.1 

0.4 

0.2 

0.0 

0.9 

1.3 

1.4 

0.2 

0.9 

0.9 

1.8 

0.2 

902  Cl 

0.6 

0.9 

0.3 

0.1 

0.0 

0.8 

1.1 

1.1 

0.2 

0.8 

0.8 

1.7 

0.1 

APPROACH  - 

TARGET 

IAS  85  KTS  (ICAO) 

H30 

NO  DATA 

— 

H31 

96.6 

88.8 

7.8 

7.1 

0.5 

100.5 

102.2 

102.8 

7.0 

100.4 

12.5 

12.5 

0.6 

H32 

97.2 

89.3 

7.9 

7.4 

0.5 

101.7 

103.3 

103.9 

7.4 

101.7 

12.0 

11.0 

0.6 

H33 

98.2 

89.5 

8.7 

7.1 

0.4 

102.2 

103.2 

104.0 

6.9 

101.3 

16.5 

16.0 

0.9 

H34 

97.3 

90.4 

6.9 

6.4 

0.4 

101.6 

103.6 

104.6 

6.5 

101.8 

12.0 

12.5 

0.9 

H35 

96.6 

88.9 

7.7 

7.4 

0.5 

101.0 

103.3 

104.1 

6.7 

101.7 

11.0 

10.5 

0.9 

Avg. 

96.8 

89.0 

7.8 

7.0 

0.5 

100.9 

102.6 

103.3 

6.9 

100.8 

13.7 

12.6 

0.8 

Sto  Dv 

1.2 

1.2 

0.6 

0.5 

0.1 

1.5 

1.4 

1.5 

0.3 

1.4 

2.9 

1.9 

0.1 

902  Cl 

1.0 

1.0 

0.5 

0.4 

0.1 

1.2 

1.2 

1.2 

0.3 

1.2 

2.4 

1.6 

0.1 

«  -  NOISE  INDEXES  CALCULATED  USING  HEASURED  DATA  UNCORRECTED 

FOR  TEHPERATURE,HUH!D!TY,OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


TABLE  NO.  A. 7-5.1 


BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
SUMMARY  N013E  LEVEL  DATA 
AS  HEASURED  * 


DOT /T  SC 
6/17/84 


SITE:  5  CENTERLINE  -  188  H.  EAST  JULY  12,1983 


EV 

SEL 

ALi 

SEL-AL» 

K(A) 

Q 

EPNL 

PNL* 

PNLT* 

K(P) 

OASPLfc  Dlfft(A)  DUR(P) 

TC 

TAKEOFf 

:  -  TARGET  IAS  85  KTS 

J47 

86.3 

77.9 

8.3 

7.1 

0.5 

- 

90.4 

91.1 

_ 

93.7 

15.0 

- 

0.8 

J49 

86.9 

78.4 

8.4 

6.9 

0.4 

91.0 

91.2 

91.8 

7.4 

93.4 

16.5 

17.5 

0.6 

J51 

87.9 

81.0 

6.9 

6.8 

0.5 

92.3 

93.8 

94.5 

7.5 

95.2 

10.5 

11.0 

0.7 

Aug. 

87.0 

79.1 

7.9 

6.9 

0.4 

91.7 

91.8 

92.5 

7.4 

94.1 

14.0 

14.2 

0.7 

Std  Dv 

0.8 

1.6 

0.8 

0.1 

0.0 

0.9 

1.8 

1.8 

0.1 

1.0 

3.1 

4.6 

0.1 

901  Cl 

1.4 

2.8 

1.4 

0.3 

0.0 

4.0 

3.0 

3.0 

0.3 

1.6 

5.3 

20.5 

0.1 

TAKEOFF  -  TARGET  IAS  70  KTS  (MILITARY) 


L53 

91.5 

85.7 

5.9 

6.3 

0.5 

96.6 

99.4 

100.0 

6.6 

100.1 

8.5 

10.0 

0.6 

L54 

91.2 

85.3 

5.9 

6.3 

0.5 

96.6 

98.9 

99.9 

6.9 

100.4 

8.5 

9.5 

1.0 

L55 

92.1 

85.8 

6.3 

6.6 

0.5 

97.3 

99.5 

100.4 

7.1 

101.4 

9.0 

9.5 

0.9 

Avg. 

91.6 

85.6 

6.0 

6.4 

0.5 

96.8 

99.2 

100.1 

6.8 

100.6 

8.7 

9.7 

0.8 

Std  Dv 

0.4 

0.2 

0.2 

0.2 

0.0 

0.4 

0.3 

0.3 

0.3 

0.6 

0.3 

0.3 

0.2 

901  Cl 

0.7 

0.4 

0.4 

0.3 

0.0 

0.7 

0.5 

0.5 

0.5 

1.1 

0.5 

0.5 

0.3 

APPROACH  - 

TARGET 

IAS  100  KTS 

K46 

97.3 

90.1 

7.2 

6.7 

0.4 

101.4 

103.7 

104.4 

6.4 

101.8 

12.0 

12.5 

0.6 

K48 

97.3 

91.5 

5.7 

6.2 

0.4 

101.9 

105.3 

105.8 

6.6 

103.1 

8.5 

8.5 

0.4 

K50 

96.9 

91.4 

5.4 

6.0 

0.4 

101.4 

105.5 

106.0 

6.1 

103.2 

8.0 

7.5 

0.5 

K52 

96.5 

89.8 

6.7 

6.5 

0.4 

100.7 

103.4 

104.0 

6.6 

101.4 

10.5 

10.5 

0.6 

Avg. 

97.0 

90.7 

6.3 

6.3 

0.4 

101.3 

104.5 

105.0 

6.4 

102.4 

9.7 

9.7 

0.5 

Std  Dv 

0.4 

0.9 

0.8 

0.3 

0.0 

0.5 

1.1 

1.0 

0.2 

0.9 

1.8 

2.2 

0.1 

90X  Cl 

0.4 

1.1 

1.0 

0.4 

0.0 

0.5 

1.3 

1.2 

0.3 

1.1 

2.2 

2.6 

0.1 

APPROACH  - 

TARGET 

IAS  70  KTS  (MILITARY) 

136 

99.3 

92.2 

7.0 

7.0 

0.5 

103.7 

105.8 

106.5 

7.1 

104.2 

10.0 

10.5 

0.7 

137 

99.3 

91.2 

8.1 

7.1 

0.5 

103.4 

104.7 

105.5 

7.0 

103.9 

14.0 

13.5 

0.8 

138 

99.7 

94.0 

5.8 

6.0 

0.4 

103.8 

106.9 

107.5 

6.3 

105.0 

9.0 

10.0 

0.6 

139 

99.4 

93.1 

6.3 

6.5 

0.4 

103.5 

105.9 

106.6 

6.8 

103.1 

9.5 

10.5 

0.7 

Avg. 

99.4 

92.6 

6.8 

6.7 

0.5 

103.6 

105.8 

106.5 

6.8 

104.0 

10.6 

11.1 

0.7 

Std  Dv 

0.2 

1.2 

1.0 

0.5 

0.0 

0.2 

0.9 

0.8 

0.4 

0.8 

2.3 

1.6 

0.1 

901  Cl 

0.3 

1.4 

1.2 

0.6 

0.0 

0.2 

1.1 

1.0 

0.4 

0.9 

2.7 

1.9 

0.1 

*  -  NOISE  INDEXES  CALCULATED  USING  HEASURED  DATA  UNCORRECTED 

FOR  TEMPERATURE, HUMIDITY, OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


DOT/TSC 
6/ 13/BA 


TABLE  HO.  A.7-5.2 


BOEING  VERTOL  CH-A7D  HELICOPTER  (CHINOOK) 
SUMMARY  NOISE  LEVEL  DATA 
AS  MEASURED  * 


SITE:  5  CENTERLINE  -  188  N.  EAST  JOLT  12,1983 


EV  SEL 

ALn 

SEL-AL* 

K(A) 

Q 

EPNL 

PNLi 

PNLTi 

K(P) 

GASPL*  DUR(A)  DUR(P) 

TC 

500  FT.  FLYOVER  -  TARGET  IAS  135  KTS 

Cll  86.7 
C12  87.8 
C13  87.8 
CIA  87.7 

78.2 

80.2 
79.8 
80.  A 

8.5 

7.6 
8.0 
7.2 

7.9 

7.3 

7.3 

7.1 

0.6 

0.5 

0.5 

0.5 

91  .A 
92. A 
92. A 
92.3 

92.3 

9A.8 

9A.1 

95.0 

93.0 
95. A 
9A.3 
95.6 

7.9 

6.7 

7. A 
6.5 

96. A 
97.0 
96.1 
9A.9 

12.0 

11.0 

12.5 

10.5 

11.5 
11.0 

12.5 

10.5 

1.1 

0.6 

O.A 

0.6 

Avg.  87.5 
St8  Dv  0.5 
90Z  Cl  0.6 

79.7 

1.0 

1.2 

7.8 

0.6 

0.7 

7. A 
O.A 
O.A 

0.5 

0.0 

0.1 

92.1 

0.5 

0.6 

9A.1 

1.2 

1.5 

9A.6 

1.2 

l.A 

7.1 

0.6 

0.7 

96.1 

0.9 

1.1 

11.5 

0.9 

1.1 

11. A 
0.9 
1.0 

0.7 

0.3 

0.3 

500  FT.  FLYOVER  -- 

TARGET  IAS  135  KTS  (ICAO) 

A1  86.6 
A2  87.7 
A3  87.2 
AA  88.5 
A5  87.2 
A6  87.2 

79.1 

79.8 

78.9 

80.2 
79.3 
79.0 

7.5 

7.9 

8.3 

8.3 

7.9 

8.2 

7.3 
7.0 
6.7 
6.9 
6. A 
7.2 

0.5 

0.5 

O.A 

O.A 

O.A 

0.5 

91.6 
92.9 
92. A 
9A.1 

92.3 

9A.0 

95.0 

9A.A 

95.8 

9A.5 

9A.A 

9A.5 
95. A 
9A.9 
96.3 
9A.9 

9  A  .7 

6.7 

6. A 
6. A 

6.6 

6.6 

96.3 

96.1 
95.8 
96.6 
95.8 

96.2 

10.5 

13.5 
17.0 
16.0 
17.0 
13.5 

11.5 
1A.5 
15.0 

15.5 

1A.0 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Avq.  87 .A 
Std  Ov  0.6 
90Z  Cl  0.5 

79.  A 
0.5 
O.A 

8.0 

0.3 

0.3 

6.9 

0.3 

0.3 

O.A 

0.1 

0.1 

92.7 

0.9 

0.9 

9A.7 

0.6 

0.5 

95.1 

0.6 

0.5 

6.5 

0.1 

0.1 

96.1 

0.3 

0.3 

1A.6 

2.6 

2.1 

1A.1 

1.6 

1.5 

0.5 

0.0 

0.0 

500  FT.  FLYOVER  -  TARGET  IAS  135  KTS  (MILITARY) 


67  89.0 

68  90.0 

69  91.0 

610  90.3 

81. A 
83.5 
8A.7 
83.3 

7.7 

6.5 

6.3 

7.0 

6.3  O.A 

6.5  O.A 
6.3  O.A 

6.1  O.A 

9A.8 

95.9 

97.2 

96.1 

97. A 
99.3 
100.6 
99.1 

97.7 

99.8 
101.0 

99.6 

6.0 

6.2 

6.2 

5.9 

96.7 

Si.A 

99.9 

98.6 

16.5 

10.0 

10.0 

1A.0 

15.0 

9.5 
10.0 

12.5 

O.A 

0.5 

O.A 

0.5 

Avg.  90.1 
Sta  Dv  0.8 
90Z  Cl  1.0 

83.2 

l.A 

1.6 

6.9 

0.6 

0.7 

6.3  O.A 
0.2  0.0 

0  2  0.1 

96.0 

1.0 

1.2 

99.1 

1.3 

1.6 

99.5 

1.3 

1.6 

6.1 

0.2 

0.2 

98. A 
1.3 
1.6 

12.6 

3.2 

3.8 

11.7 

2.5 

3.0 

O.A 

0.1 

0.1 

500  FT.  FLYOVER  - 

TARGET 

IAS  120  KTS 

D15  86.  A 
D16  86.2 
D17  86.  A 
D18  87.3 
D19  86.2 

79.0 

78.5 

79.6 

79.5 

78.6 

7. A 

7.7 

6.8 
7.9 
7.6 

7.5  0.6 
8.1  0.7 
6.7  0.5 
7.3  0.5 
7.3  0.5 

91.0 

90.9 

90. A 

92.8 
92.7 
93. A 
93.0 
92.5 

93. A 
93.1 

93.8 
9A.5 

92.9 

7.7 

6.9 

7.2 

96. A 
95.9 
95.8 
9A.8 
9A.3 

9.5 
9.0 

10.5 
12.0 
11.0 

10.0 

10.5 

11.0 

0.6 

0.3 

0.5 

1.6 

0.5 

Avg.  86.5 
Sta  Dv  0.5 
9QXC1  0.5 

79.0 

0.5 

0.5 

7.5 

O.A 

O.A 

7. A  0.5 
0.5  0.1 
0.5  0.1 

90.8 

0.3 

0.6 

92.9 

0.3 

0.3 

93.5 

0.7 

0.6 

7.2 

O.A 

0.7 

95. A 
0.9 
0.8 

10, A 
1.2 
1.1 

•'  10.5 
0.5 
0.8 

0.7 

0.5 

0.5 

«  -  NOISE  INDEXES  CALCULATED  USING  MEASURED  DATA  UNCORRECTED  „  „ 
FOR  TEMPERATURE, HUMIDITY, OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


TABLE  MO.  A. 7-5. 3 

BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
SUMMARY  NOISE  LEVEL  DATA 
AS  MEASURED  * 


DOT/TSC 

6/13/84 


SITE:  5  CENTERLINE  -  188  M.  EAST  JULY  12,1983 


EV 

SEL 

ALi 

SEL-AL* 

K(  A) 

Q 

EPNL 

PNLi 

PNLT* 

K(P) 

OASPLi  DUR(A)  DUR(P) 

TC 

500  FT, 

.  FLYOVER  - 

TARGET  IAS  105  KTS 

E20 

89.3 

80.6 

8.8 

7.6 

0.5 

93.6 

94.6 

95.2 

7.4 

95.2 

14.5 

14.0 

0.8 

E21 

86.1 

77.6 

8.4 

7.8 

0.6 

90.4 

91.4 

92.2 

7.6 

93.4 

12.0 

12.0 

0.8 

E22 

86.7 

77.5 

9.2 

7.1 

0.4 

90.8 

91.5 

92.0 

7.0 

91.8 

19.5 

18.5 

0.5 

E23 

86.3 

78.3 

8.0 

7.6 

0.6 

90.5 

92.2 

92.7 

7.5 

92.7 

11.5 

11.0 

0.6 

E24 

86.5 

77.4 

9.2 

7.8 

0.5 

- 

91.6 

92.2 

- 

92.1 

15.0 

- 

0.6 

E25 

86.1 

78.2 

7.9 

7.2 

0.5 

90.3 

92.2 

92.9 

6.7 

95.5 

12.5 

12.5 

0.7 

Avg. 
Std  Ov 

86.8 

78.2 

8.6 

7.5 

0.5 

91.1 

92.2 

92.9 

7.2 

93.4 

14.2 

13.6 

0.7 

1.3 

1.2 

0.6 

0.3 

0.1 

1.4 

1.2 

1.2 

0.4 

1.6 

3.0 

2.9 

0.1 

902  Cl 

1.0 

1.0 

0.5 

0.2 

0.0 

1.4 

1.0 

1.0 

0.4 

1.3 

2.4 

2.8 

0.1 

1000  FT.  FLYOVER  - 

■  TARGET 

IAS  135  KTS 

F26 

83.7 

75.0 

8.6 

7.1 

0.4 

87.7 

88.2 

88.8 

7.2 

90.6 

16.5 

17.0 

0.6 

F27 

83.5 

76.0 

7.5 

6.3 

0.4 

87.3 

90.3 

91.0 

5.7 

90.1 

15.5 

13.0 

0.7 

F28 

82.4 

73.7 

8.7 

6.9 

0.4 

86.3 

86.9 

87.3 

6.5 

89.0 

18.0 

23.5 

0.4 

F29 

82.5 

‘3.6 

8.9 

7.0 

0.4 

86.2 

86.2 

87.1 

7.0 

89.7 

19.0 

20.5 

0.9 

Avg. 
Std  Dv 

83.0 

74.6 

8.4 

6.8 

0.4 

86.9 

87.9 

88.5 

6.6 

89.9 

17.2 

18.5 

0.6 

0.7 

1.1 

0.6 

0.4 

0.0 

0.7 

1.8 

1.8 

0.7 

0.7 

1.6 

4.5 

0.2 

902  Cl 

0.8 

1.3 

0.7 

0.4 

0.0 

0.9 

2.1 

2.1 

0.8 

0.8 

1.8 

5.3 

0.2 

TAKEOFF  -  TARGET  IAS  85  KTS  (ICAO) 


G40 

92.8 

86.4 

6.5 

6.6 

0.5 

98.7 

101.5 

102.5 

6.4 

105.5 

9.5 

9.0 

1.1 

G41 

92.2 

86.5 

5.8 

5.9 

0.4 

- 

100.2 

101.0 

- 

103.2 

9.5 

- 

0.7 

G42 

93.5 

87.8 

5.7 

5.5 

0.3 

- 

101.8 

102.4 

- 

103.7 

10.5 

- 

0.6 

G43 

92.3 

86.4 

5.8 

6.1 

0.4 

97.1 

100.2 

100.8 

6.4 

101.7 

9.0 

9.5 

0.8 

G44 

95.1 

90.5 

4.6 

4.6 

0.3 

100.0 

104.4 

104.8 

5.3 

105.7 

10.0 

9.5 

0.4 

G45 

93.6 

88.6 

5.0 

5.4 

0.4 

- 

102.4 

102.9 

- 

104.2 

8.5 

- 

0.5 

Avg. 

93.3 

87.7 

5.6 

5.7 

0.4 

98.6 

101.7 

102.4 

6.1 

104.0 

9.5 

9.3 

0.7 

Std  Dv 

1.1 

1.6 

0.6 

0.7 

0.1 

1.4 

1.5 

1.4 

0.6 

1.5 

0.7 

0.3 

0.2 

902  Cl 

0.9 

1.3 

0.5 

0.6 

0.0 

2.4 

1.3 

1.2 

1.1 

1.2 

0.6 

0.5 

0.2 

APPROACH  - 

TARGET 

IAS  85  KTS  (ICAO) 

H30 

99.1 

92.3 

6.8 

6.7 

0.5 

103.4 

106.1 

106.9 

6.8 

104.5 

10.5 

9.0 

0.8 

H31 

97.7 

90.5 

7.2 

7.2 

0.5 

101.9 

103.7 

104.4 

7.6 

102.6 

10.0 

10.0 

0.7 

H32 

98.7 

91.5 

7.2 

6.7 

0.4 

102.7 

105.2 

106.0 

6.6 

102.9 

12.0 

10.5 

0.9 

H33 

98.7 

92.8 

5.9 

6.2 

0.4 

103.3 

106.9 

107.6 

6.3 

104.4 

9.0 

8.0 

0.7 

H34 

99.2 

92.9 

6.2 

6.2 

0.4 

103.0 

106.4 

106.8 

6.1 

104.4 

10.0 

9.5 

0.5 

H35 

97.9 

91.7 

6.2 

6.4 

0.4 

102.6 

105.6 

106.2 

6.7 

103.8 

9.5 

9.0 

0.6 

Avg. 

98.6 

91.9 

6.6 

6.6 

0.5 

102.8 

105.7 

106.3 

6.7 

103.8 

10.2 

9.3 

0.7 

Std  Dv 

0.6 

0.9 

0.6 

0.4 

0.0 

0.5 

1.1 

1.1 

0.5 

0.8 

1.0 

0.9 

0.2 

902  Cl 

0.5 

0.8 

0.5 

0.3 

0.0 

0.4 

0.9 

0.9 

0.4 

0.7 

0.8 

0.7 

0.1 

*  -  NOISE  INDEXES  CALCULATED  USING  MEASURED  OATA  UNCORRECTED 

FOR  TEMPERATURE, HUMIDITY, OR  AIRCRAFT  DEVIATION  FROM  REF  FLIGHT  TRACK 


APPENDIX  B 


Direct  Read  Acoustical  Data  and  Duration 
Factors  for  Flight  Operations 

In  addition  to  the  magnetic  recording  systems,  four  direct-read,  Type-1 
noise  measurement  systems  were  deployed  at  selected  sites  during  flight 
operations.  The  data  acquisition  is  described  in  Section  5.6.2. 

These  direct  read  systems  collected  single  event  data  consisting  of 
maximum  A-weighted  sound  level  (AL),  Sound  Exposure  Level  (SEL), 
integration  time  (T),  and  equivalent  sound  level  (LEQ).  The  SEL  and  dBA, 
as  well  as  the  integration  time  were  put  into  a  computer  data  file  and 
analyzed  to  determine  two  figures  of  merit  related  to  the  event  duration 
influence  on  the  SEL  energy  dose  metric.  The  data  reduction  is  further 
described  in  Section  6.2.2;  the  analysis  of  these  data  is  discussed  in 
Section  9.4. 

This  appendix  presents  direct  read  data  and  contains  the  results  of  the 
helicopter  noise  duration  effect  analysis  for  flight  operations.  The 
direct  read  acoustical  data  for  static  operations  is  presented  in 
Appendix  D. 

Each  table  within  this  appendix  provides  the  following  information: 

Run  No.  The  test  run  number 

SEL(dB)  Sound  Exposure  Level,  expressed  in  decibels 

AL(dB)  A-Weighted  Sound  Level,  expressed  in  decibels 

T(lO-dB)  Integration  time 

K(A)  Propagation  constant  describing  the  change  in  dBA  with 

distance 

Q  Time  hiistory  "shape  factor" 

Average  The  average  of  the  column 

N  Sample  size 

Std  Dev  Standard  Deviation 

90%  C.I.  Ninety  percent  confidence  interval 

Mic  Site  The  centerline  mircophone  site  at  which  the  measurements 

were  taken 


TABLE  B.1.1 


HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT  ICAO  FLYOVER/TARGET  !AS=135  KTS 

NIC  SITE:  5 


RON  NO. 

SEL(DB) 

AL(DB)  T< 10-DB) 

K(A) 

Q 

A1 

87.4 

79.4 

11 

7.5 

.5 

A2 

88.5 

80.2 

15 

7.1 

.5 

A3 

87.7 

79.4 

16 

6.9 

.4 

A4 

89.1 

81 

15 

6.9 

.4 

A5 

87.5 

79.5 

16 

6.6 

.4 

A6 

87.4 

79.5 

13 

7.3 

.5 

AVERAGE 

88.00 

79.90 

14.30 

7.00 

.5 

N 

6 

6 

6 

6 

6 

STD. DEV. 

0.68 

0.63 

1.97 

.3 

.06 

W.  C.I. 

0.56 

0.51 

1.62 

.25 

.05 

TABLE  B.1.2 

HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT  ICAO  FLYOVER/TARGET  IAS=135  KTS 

NIC  SITE:  1 


RON  NO. 

SEL(DB) 

AL(DB)  T(IO-DB) 

K(A) 

Q 

A1 

88 

80.7 

10 

7.3 

.5 

A2 

88.8 

80.9 

12 

7.3 

.5 

A3 

88.9 

80 

14 

7.8 

.6 

A4 

89.4 

81.2 

15 

7 

.4 

A5 

87.8 

79.9 

13 

7.1 

.5 

A6 

88.2 

79.5 

16 

7.2 

.5 

AVERAGE 

88.50 

80.40 

13.30 

7.30 

.5 

N 

6 

6 

6 

6 

6 

STD. DEV. 

0.61 

0.66 

2.16 

.27 

.04 

905!  C.I. 

0.51 

0.54 

1.78 

.22 

.04 

TABLE  8.1.3 


HELICOPTER!  BOEINS-VERTOL  CH-47D 
TEST  DATE;  7-12-83 

OPERATION:  500  FT  ICAO  FLYOVER/TARGET  1AS=135  KTS 


MIC  SITE! 

4 

RUN  NO. 

SEL(DB) 

AL(DB)  T<10-DB> 

K(A) 

Q 

A1 

87.4 

79.7 

14 

4.9 

.4 

A2 

B8.3 

30.2 

12 

7.5 

.5 

A3 

89.4 

81.1 

14 

7.1 

.4 

A4 

88.9 

80.3 

17 

7 

.4 

A5 

87.7 

79.4 

14 

4.7 

.4 

A4 

87.4 

79.3 

15 

7.1 

.5 

AVERAGE 

88.30 

80.00 

15.00 

7.00 

.5 

N 

4 

4 

4 

4 

4 

STD. DEV. 

0.82 

0.44 

1.79 

.24 

.05 

907.  C.I. 

0.48 

0.53 

1.47 

.21 

.04 

TABLE  8.2.1 

HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT  MILITARY  FLYOVER/TARGET  IAS=135  KTS 

NIC  SITE:  5 


RUN  NO. 

SEL(D8) 

AL(DB)  T< 10-DB) 

K(A) 

Q 

B7 

89.7 

82.3 

9 

7.8 

.4 

88 

91.4 

85.5 

7 

7 

.4 

B9 

91.8 

84.1 

9 

4 

.4 

810 

90.4 

83.8 

9 

7.1 

.5 

AMERA6E 

90.90 

84.40 

8.50 

7.00 

.5 

N 

4 

4 

4 

4 

4 

STD. DEV. 

0.93 

1.72 

1.00 

.74 

.08 

907.  C.I. 

1  09 

2.02 

1.18 

.87 

.1 

TABLE  B.2.2 


HELICOPTER:  80E1NG-VERT0L  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT  MILITARY  FLYOVER/TARGET  IAS=135  KTS 


MIC  SITE: 

1 

RON  NO. 

SEL(DB) 

ALOB)  T<10-DB) 

K(A) 

Q 

87 

91 

83.1 

14 

4.9 

.4 

B8 

92.2 

85.8 

10 

4.4 

.4 

69 

92.4 

A7. 9 

7 

5.4 

.4 

BIO 

90.4 

82.7 

13 

4.9 

.5 

AVERAGE 

91.40 

84,90 

11.00 

4.40 

.4 

N 

4 

4 

4 

4 

4 

STD. DEV. 

1.02 

2.44 

3.14 

.43 

.01 

m  c.i. 

1.21 

2.87 

3.72 

.74 

.02 

TABLE  8.2.3 

HELICOPTER:  B0E1NG-VEKT0L  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT  MILITARY  FLYOMER/TARBET  IAS=135  KTS 


NIC  SITE: 

4 

RON  NO. 

SEL(DB) 

AL(DB)  TUO-DB) 

K<A> 

Q 

B7 

91.4 

82.4 

13 

8.1 

.4 

88 

92.5 

85.3 

12 

4,7 

.4 

B9 

90.7 

84.9 

7 

4.9 

.5 

810 

89.4 

81.4 

14 

4.4 

.4 

AVERA6E 

91.00 

83.50 

12.00 

7.10 

.5 

N 

4 

4 

4 

STD. DEV. 

1.30 

1.90 

3.74 

90X  C.I. 

1.53 

2.23 

4.40 

.12 


TABLE  B.3.1 


HELICOPTER:  B0EIN6-VERTCL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT  FLYOVER/TARGET  IAS=135  KTS 

MiC  SITE:  5 


RUN  NO. 

SEL(DB) 

AL(DB)  T<10-DB) 

K(A) 

Q 

Cll 

84.3 

77.5 

12 

8.2 

.4 

C12 

87.4 

79.8 

12 

7.2 

.5 

Cl  3 

87.7 

79.4 

15 

4.9 

.4 

C14 

87.7 

79.7 

13 

7.? 

.5 

AVERAGE 

87.30 

79.20 

13.00 

7.40 

.5 

N 

4 

4 

4 

4 

4 

STD. DEV. 

0.48 

1.10 

1.41 

.55 

.09 

905C  C.I. 

0.81 

1.30 

1.44 

.45 

.1 

TABLE  B.3.2 

HELICOPTER:  BGEING-VERTOL  CH-47D 
TEST  DATE:  "'-12-83 

OPERATION:  500  FT  FLYGVER/TAR6ET  IAS=135  KTS 

MIC  SITE:  1 


RUN  NO. 

SEL(DB) 

AL(DB)  T , 

,.0-DB) 

K<A) 

0 

Cll 

87.9 

80.8 

9 

7.4 

.4 

C12 

89.3 

82 

10 

7.3 

.5 

C13 

89.1 

80.9 

10 

8.2 

.7 

C14 

88.5 

81.1 

11 

7.1 

.5 

AVERAGE 

88.70 

81.20 

10.00 

7 .50 

.4 

N 

4 

4 

4 

4 

4 

STD. DEV. 

0.43 

0.55 

0.82 

.48 

.07 

W.  C.I. 

0.74 

0.44 

0.94 

.54 

.08 

08 


TABLE  8.3.3 


HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT  FLY0VER/TAR6ET  IAS=135  KTS 

NIC  SITE:  4 


RUN  NO. 

SEL(DB) 

AL(DB)  T< 10-DB) 

K(A) 

Q 

Cll 

87.1 

79.7 

12 

6.9 

.5 

C12 

89,4 

81.2 

11 

7.9 

.6 

Cl  3 

88.5 

81.2 

9 

7.7 

.6 

C14 

88.3 

80 

12 

7.7 

.6 

AVERAGE 

88.30 

80.50 

11.00 

7.50 

.6 

N 

4 

4 

4 

4 

4 

STD. DEV. 

0.95 

0.79 

1.41 

.45 

.07 

m  C.I. 

1.11 

0.93 

1.46 

.53 

.08 

TABLE  B.4.1 

HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT  FLYOVER/TARGET  IAS=120  KTS 

NIC  SITE:  5 


RtMNO. 

SEL<D8) 

AL(DB)  T< 10-DB) 

K<A) 

0 

D15 

86.2 

78.6 

12 

7 

.5 

D16 

86.5 

78.1 

15 

7.1 

.5 

D17 

86.5 

79.1 

12 

4.9 

.5 

D18 

87 

79 

16 

6.6 

.4 

D19 

85.9 

77.9 

15 

6.8 

.4 

AVERAGE 

86.40 

78.50 

14.00 

6.90 

.4 

N 

5 

5 

5 

5 

5 

std.db;. 

0.41 

0.53 

1.87 

.2 

.03 

90*/  C.I. 

0.39 

0.51 

1.78 

.19 

.03 

TABLE  B.4.2 


HELICOPTER:  80E1NG-VERTQL  CH-47D 
TEST  DATE:  7-12-83 

OPEWTION:  500  FT  FLYOVER/TARGET  1AS=120  KTS 

MIC  SITE:  1 


RUN  NO. 

SEL(DB) 

AL(DB)  T < 10-DB) 

K(A) 

Q 

D15 

86.9 

79.7 

10 

7.2 

.5 

D16 

87.5 

79.3 

13 

7.4 

.5 

D17 

86.6 

78.7 

12 

7.3 

.5 

018 

88 

79.7 

12 

7.7 

.6 

DIP 

87 

79.4 

10 

7.6 

.6 

AVERAGE 

87.20 

79.40 

11.40 

7.40 

.5 

N 

5 

5 

5 

5 

5 

STD. DEV. 

0.55 

0.41 

1.34 

.2 

.03 

907.  C.I. 

0.53 

0.39 

1.28 

.19 

.03 

TABLE  8.4. 3 

HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT  FLYOVER/TARGET  IAS=120  KTS 

MIC  SITE:  4 


RUN  NO. 

SEL(DB) 

AL(DB)  T< 10-DB) 

K(A) 

Q 

015 

NA 

NA 

NA 

NA 

NA 

016 

87.2 

78.7 

14 

7.4 

.5 

D17 

85.5 

77.5 

14 

7 

.5 

D18 

87.2 

78.3 

13 

8 

.6 

D19 

86.8 

78.7 

12 

7.5 

.5 

AVERAGE 

86.70 

78.30 

13.30 

7.50 

.5 

N 

4 

4 

4 

4 

4 

STD. DEV. 

0.81 

0.57 

0.96 

.41 

.06 

907.  C.I. 

0.95 

0.67 

1.13 

.49 

.07 

TABLE  8.5.1 

HELICOPTER;  BOEIN6-VERTOL  CH-47D 
TEST  DATE;  7-12-83 

OPERATiON:  500  FT  FLYOVER/TARGET  IAS=105  KTS 

MIC  SITE:  5 


RON  NO. 

SEL(OB) 

AL(DB)  T(IO-DB) 

K(A) 

0 

E20 

88.9 

80.2 

11 

8.4 

.7 

E21 

85.3 

76.6 

18 

8.7 

.7 

£22 

85.8 

76.7 

13 

8.2 

.6 

E23 

fW 

M 

10 

IM 

E24 

86 

76.3 

15 

8.2 

.6 

E25 

86.4 

78.4 

13 

7.2 

.5 

AVERAGE 

86.50 

77.60 

12.00 

8.10 

.6 

N 

5 

5 

6 

5 

5 

STD. DEV. 

1.41 

1.65 

2.00 

.57 

.09 

m  C.J. 

1.34 

1.57 

1.65 

.54 

.09 

TABLE  B.5.2 

HELICOPTER:  BQEJNG-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT  FLYOVER/TARGET  IAS=105  KTS 

MIC  SITE:  1 


RON  NO. 

SEL(DB) 

AL<DB)  T(IO-DB) 

K(A) 

0 

E20 

90.2 

82.1 

13 

7.3 

.5 

E21 

86.8 

79.1 

11 

7.4 

,5 

E22 

87.6 

78.3 

16 

7.7 

.5 

E23 

86.3 

78.4 

13 

7.1 

.5 

E24 

87.1 

78.3 

18 

7 

.4 

E25 

86.6 

78.2 

13 

7.5 

.5 

AVERAGE 

87.40 

79.30 

14.00 

7.30 

.5 

N 

6 

6 

6 

6 

6 

STD. DEV. 

1.43 

1.52 

2.53 

.27 

.05 

907.  C.I. 

1.17 

1.25 

2.08 

.22 

,04 

-  »  »  ■*•*•*! 


TABLE  B.S.3 

HELICOPTER:  B0E1N6-VERT0L  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT  FLYWER/TAR6ET  IAS=105  KTS 

MIC  SITE:  4 


RON  NO. 

SEL(DB) 

AL(DB)  T(IO-DB) 

K(A) 

0 

E20 

88.6 

80.1 

NA 

W 

to 

E21 

86.7 

77.9 

NA 

NA 

to 

E22 

86.9 

77.7 

NA 

NA 

to 

E23 

86 

77.8 

NA 

to 

E24 

86.8 

77.5 

NA 

to 

E25 

to 

NA 

NA 

NA 

NA 

AVERAGE 

87.00 

78.20 

N 

5 

5 

5TD.DEV. 

0.96 

1.07 

90*/.  C.l. 

0.92 

1.02 

TABLE  B.6.1 

HELICOPTER:  BOE1NG-VERTQL  CH-470 
TEST  DATE:  7-12-83 

OPERATION:  1000  FT  FLYOVER/TARGET  1AS=135  KTS 

MIC  SITE:  5 


RUN  NO. 

SEL(DB) 

AL(DB) 

TUO-DB) 

K(A> 

Q 

F26 

83.8 

74.9 

16 

7.4 

.5 

F27 

84 

76.9 

15 

6 

.3 

F28 

82.7 

74.2 

17 

6.9 

.4 

F29 

82.2 

74.1 

20 

6.2 

.3 

AVERAGE 

83.20 

75.00 

17.00 

6.60 

.4 

N 

4 

4 

4 

4 

4 

STD. DEV. 

0.87 

1.30 

2.16 

.62 

.07 

90*/.  C.l. 

1.02 

1.53 

2.54 

.74 

.09 

TABLE  B.6.2 


HELICOPTER:  BOEIN6-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  1000  FT  FLYOVER/TARGET  1AS=135  KTS 

MIC  SITE:  1 


RON  NO. 

SEL<DB) 

AL(OB) 

T(IO-DB) 

K(A) 

Q 

F26 

84.9 

75.2 

17 

7.9 

.5 

F27 

84.6 

76.6 

14 

7 

.5 

F28 

83.9 

75.1 

15 

7.5 

.5 

F2? 

84.1 

75.6 

18 

6.8 

.4 

AVERAGE 

84.40 

75.60 

16.00 

7.30 

.5 

N 

4 

4 

4 

4 

4 

STD. DEV. 

0.46 

0.68 

1.83 

.5 

.07 

90*/  C.l. 

0.54 

0.81 

2.15 

.59 

.08 

TABLE  B.6.3 

HELICOPTER:  B0E1N6-VERT0L  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  1000  FT  FLYOVER/TARGET  IAS=135  KTS 

NIC  SITE:  4 


RUN  NO. 

SEL(DB) 

AL(DB)  T(IO-DB) 

K(A) 

F26 

84 

74 

F27 

84.3 

74.9 

m 

F28 

83 

73.6 

NA 

F29 

83.7 

73.9 

m 

m 

AVERAGE 

83.80 

74.10 

N 

4 

4 

STD.DEV. 

0.56 

0.56 

90*/  C.l. 

0.66 

0.66 

TABLE  B.7.1 

HELICOPTER:  BOE ING-VERT OL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  ICAO  TAKEOFF/TARGET  1AS=85  KTS 

MIC  SITE:  5 


RUN  NO. 

SEL(OB) 

AL(DB)  T(IO-DB) 

K<A) 

Q 

G40 

92.2 

85.7 

9 

6.8 

.5 

641 

92.1 

85.8 

12 

5.8 

.4 

642 

92.8 

87.1 

9 

6 

.4 

G43 

91.8 

85.8 

9 

6.3 

.4 

G44 

95 

89.8 

6 

6.7 

.6 

G45 

94 

88.4 

7 

6.6 

.5 

AVERAGE 

93.00 

87.10 

8.70 

6.40 

.5 

N 

6 

6 

6 

6 

6 

STD. DEV. 

1.2  6 

1 .69 

2.07 

.4 

.07 

90*/  C.l. 

1.04 

1.39 

1.70 

.33 

.06 

TABLE  B.7.2 

HELICOPTER:  BOEING-VERTOL  CH-470 
TEST  DATE:  7-12-83 

OPERATION:  ICAO  TAKEOFF/TARGET  IAS=85  KTS 

MIC  SITE:  1 


RUN  NO. 

SEL(DB) 

AL(DB)  T(IO-DB) 

KCA) 

Q 

G40 

90.1 

83.7 

10 

6.4 

.4 

641 

90.4 

84.2 

9 

6.5 

.5 

G42 

90.9 

84.7 

9 

6.5 

.5 

643 

90.3 

83.6 

10 

6.7 

.5 

644 

91.9 

86.2 

8 

6,3 

.5 

G45 

92.2 

86.5 

7 

6.7 

.5 

AVERAGE 

91.00 

84.80 

8.80 

6.50 

.5 

N 

6 

6 

6 

6 

6 

STD. DEV. 

0.88 

1.25 

1.17 

.17 

.03 

90*/  C.l. 

0.73 

1.03 

0.96 

.14 

.03 

TABLE  B.7.3 


HELICOPTER:  B0EIN6-VERT0L  CH-470 
TEST  DATE:  7-12-83 

OPERATION:  ICAO  TAKEOFF/TARGET  IAS=85  KTS 


NJC  SITE: 

RUN  NO. 

SEL(DB) 

AL<DB) 

TUO-DB) 

K(A) 

640 

88.8 

81.8 

NA 

NA 

641 

88.2 

80.7 

m 

NA 

642 

89.2 

82 

m 

NA 

G43 

88.2 

80.3 

m 

NA 

644 

89.5 

82.5 

na 

NA 

645 

89.8 

83.2 

m 

NA 

AVERAGE 

89.00 

81.80 

N 

4 

4 

STD. DEV. 

0.47 

1.09 

m  C.I. 

0.55 

0.90 

TABLE  B.8.1 

HELICOPTER:  BOEING-VERTOL  CH-470 
TEST  DATE:  7-12-83 

OPERATION:  ICAO  APPROACH/TARGET  IAS=85  KTS 

NIC  SITE:  5 


RU4  NO. 

SEL<D8) 

AL(DB)  T<10-DB) 

K(A) 

Q 

H30 

100.5 

93.5 

9 

7.3 

.4 

H31 

98.7 

91.3 

9 

7.8 

.4 

H32 

99.4 

92.1 

12 

4.9 

.5 

H33 

99.8 

93.7 

9 

4.4 

.5 

H34 

100.2 

93.8 

9 

4.7 

.5 

H35 

99 

82.5 

9 

17.3 

5 

AVERAGE 

99.40 

91.20 

9.50 

8.70 

1.3 

N 

6 

4 

4 

4 

4 

std.db;. 

0.49 

4.35 

3.22 

4.22 

1.82 

9051  C.I. 

0.57 

3.58 

1.01 

3.47 

1.49 

5  5  5  5  5  5 


Kt-xrrKf-** 


TABLE  B.8.2 

HELICOPTER:  B0EIN6-VERT0L  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  ICAO  APPROACH/TARGET  IAS-85  KTS 


MIC  SITE: 

1 

RON  NO. 

SEL(DB) 

AL<D8)  T(IO-DB) 

K(A) 

Q 

H30 

99.2 

92 

10 

7.2 

.5 

H31 

98.4 

91 

13 

6.6 

.4 

H32 

99.2 

92.2 

10 

7 

.5 

H33 

99.8 

92,4 

12 

6.9 

.5 

H34 

99.3 

92.2 

NA 

NA 

H35 

98.7 

92 

8 

7.4 

.6 

AVERAGE 

99.10 

92.00 

10.60 

7.00 

.5 

N 

6 

6 

5 

5 

5 

STD. DEV. 

0.49 

0.50 

1.95 

.3 

.06 

907.  C.l. 

0.40 

0.41 

1.86 

.29 

.06 

TABLE  B.8.3 

HELICOPTER:  BOEING-VERTOL  CH-47D 

TEST  DATE: 

7-12-83 

OPERATION: 

ICAO  APPROACH/TARGET  IAS=85 

KTS 

MIC  SITE: 

4 

RUN  NO. 

SEL<08) 

AL(09)  T(IO-DB) 

K<A) 

0 

H30 

98 

89.8 

NA 

NA 

lift 

H31 

97.6 

89.7 

H32 

98.3 

90.3 

m 

NA 

H33 

99.1 

90.4 

NA 

m 

H34 

98.5 

91.3 

m 

H35 

97.6 

90.1 

NA 

NA 

NA 

AVERAGE 

98.20 

90.30 

N 

6 

6 

STD. DEV. 

0.58 

0.58 

907.  C.l. 

0.48 

0.47 

TABLE  B.9.1 


HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  MILITARY  APPROACH/TARGET  IAS=70  KTS 


MIC  SITE: 

5 

RUN  NO. 

SEL(DB) 

AL<DB)  T(IO-DB) 

K<A) 

Q 

136 

100.4 

93.1 

10 

7.3 

.5 

137 

99.2 

90.8 

NA 

138 

100.1 

94.1 

9 

6.3 

.4 

139 

99.9 

93 

10 

6.9 

.5 

AVERAGE 

99.90 

92.80 

9.70 

6.80 

.5 

N 

4 

4 

3 

3 

3 

STD.  DEV. 

0.51 

1.39 

0.58 

.51 

.05 

90Z  C.l. 

0.60 

1.64 

0.97 

.86 

.08 

TABLE  B.9.2 

HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  MILITARY  APPROACH/TARGET  IAS=70  KTS 


MIC  SITE: 

1 

RUN  NO. 

SEL(DB) 

AL<DB)  T(IO-DB) 

K(A) 

Q 

136 

100 

92.3 

12 

7.1 

.5 

137 

98.6 

90.4 

13 

7.4 

.5 

138 

100.6 

92.9 

11 

7.4 

.5 

139 

99.4 

91.3 

12 

7.5 

.5 

AVERAGE 

99.70 

91.70 

12.00 

7.30 

.5 

N 

4 

4 

4 

4 

4 

STD.  DEV. 

0.85 

1.10 

0.82 

.16 

.02 

m  C.l. 

1.01 

1.30 

0.96 

.18 

.03 

TABLE  B.9.3 


r 


HELICOPTER:  B0EING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 


OPERATION: 

MILITARY  APPROACH/TARGET  1AS=70  KTS 

NIC  SITE: 

4 

RUN  NO.  : 

SEL(DB) 

AL<DB)  T<10-DB) 

K(A) 

Q 

134 

98 

89.7 

NA 

m 

m 

137 

97.7 

88.8 

NA 

m 

138 

98.7 

90.6 

NA 

m 

139 

98.5 

90 

NA 

w 

m 

AVERAGE 

98.20 

89.80 

N 

4 

4 

STD. DEV. 

0.46 

0.75 

907.  C.l. 

0,54 

0.88 

[ 

[ 

TABLE  B.10.1 

|  HELICOPTER:  B0E1NG-VERTQL  CH-47D 

TEST  DATE: 

7-12-83 

OPERATION: 

TAKEOFF/TARGET  IAS=85  KTS 

MIC  SITE: 

5 

r 

RUN  NO. 

SEL<DB) 

AL(DB) 

T(IO-DB) 

K(A) 

0 

J47 

84.2 

77.3 

16 

5.7 

.3 

J49 

86.5 

78 

14 

7.4 

.5 

J51 

87.9 

80.5 

11 

7.1 

.5 

AVERAGE 

86.20 

78.60 

13.70 

6.80 

.4 

N 

3 

3 

3 

3 

3 

STD. DEV. 

1.87 

1.68 

2.52 

.9 

.11 

[  907.  C.l. 

3.15 

2.84 

4.24 

1.51 

.19 

TABLE  B.10.2 


HELICOPTER:  BOEING-VERTOL  CH-47D 

TEST  DATE:  7-12-83 

OPERATION:  TAKEOFF/TARGET  1AS=85  KTS 

MIC  SITE:  1 


RUN  NO. 

SEL<DB) 

AL<DB) 

T(IO-DB) 

K(A) 

Q 

J47 

85.8 

77.4 

14 

4.8 

.4 

J49 

84.4 

79 

13 

4.8 

.4 

J51 

87.8 

79.8 

13 

7.2 

.5 

AVERAGE 

84.70 

78.80 

14.00 

4.90 

.4 

N 

3 

3 

3 

3 

3 

STD. DEV. 

1.01 

1.11 

1.73 

.21 

.04 

907.  C.l. 

1.70 

1.88 

2.92 

.34 

.04 

TABLE  B.10,3 


HELICOPTER:  B0E1NG-VERTQL  CH-47D 

TEST  DATE:  7-12-83 

OPERATION:  TAKEOFF/TARGET  1AS=85  KTS 


MIC  SITE: 

RUN  NO. 

SEL(DB) 

AL(DB) 

T(lfl-DB) 

K(A) 

J47 

84.4 

75.8 

W 

NA 

J49 

85.7 

74.7 

w 

J51 

84.2 

77.1 

w 

NA 

AVERAGE 

85.50 

74.50 

N 

3 

3 

STD. DEV. 

0.82 

0.47 

907.  C.l. 

1.38 

1.12 

5  5  5 


TABLE  B.ll.l 


HELICOPTER:  BOE1NG-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  APPROACH/TARGET  IAS=100  KTS 

MIC  SITE:  5 


RUN  NO. 

SEL(DB) 

AL(DB)  T(IO-DB) 

K(A) 

Q 

K46 

97.3 

89.8 

12 

6.9 

.5 

K48 

97.5 

91.4 

NA 

NA 

NA 

K50 

97.1 

91.4 

NA 

NA 

NA 

K52 

96.5 

89.8 

NA 

NA 

NA 

AVERAGE 

97.10 

90.60 

12.00 

6.90 

.5 

N 

4 

4 

1 

1 

1 

STD. DEV. 

0.43 

0.92 

m  C.I. 

0.51 

1.09 

TABLE  B.11.2 

HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  APPROACH/TARGET  IAS=100  KTS 


MIC  SITE: 

1 

RUN  NO. 

SEL<DB) 

AL(DB)  T(IO-DB) 

K(A) 

0 

K46 

98.1 

91.1 

10 

7 

.5 

K48 

NA 

9 

M 

m 

K50 

97 

91 

9 

6.3 

.4 

K52 

97.3 

91.1 

9 

6.5 

.5 

AVERAGE 

97.50 

91.10 

9.30 

6.60 

.5 

N 

3 

3 

4 

3 

3 

STD. DEV. 

0.57 

0.06 

0.50 

.37 

.03 

90*/  C.I. 

0.96 

0.10 

0.59 

.62 

.05 

TABLE  B.li.3 


HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  APPROACK/TARGET  IAS=100  KTS 

H1C  SITE:  4 


RUN  NO. 

SEL(OB) 

AL(DB)  T(IO-DB) 

K(A> 

Q 

K46 

97,6 

90.2 

KA 

NA 

NA 

K48 

95.9 

89 

NA 

K50 

96.4 

89.6 

W 

m 

NA 

K52 

96.6 

89.5 

NA 

ftt 

NA 

AVERAGE 

96.60 

89.60 

N 

4 

4 

STD.DB1. 

0.71 

0.49 

W.  C.I. 

0.84 

0.58 

TABLE  B.12.1 

HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  MILITARY  TAKEOFF/TARGET  IAS=?0  KTS 

MIC  SITE:  5 


RUN  NO. 

SEL(DB) 

AL<DB)  T(IO-DB) 

K<A) 

Q 

L53 

91 

85 

9 

6.3 

.4 

L54 

90.8 

84.8 

9 

6.3 

.4 

L55 

91.6 

85.4 

9 

6.5 

.5 

AVERAGE 

91.10 

85.13 

9.00 

6.40 

,4 

N 

3 

3 

3 

3 

3 

STD. DEV. 

0.42 

0.31 

0.00 

.12 

.01 

907.  C.I. 

0.70 

0.52 

0.00 

.2 

.02 

TABLE  B.12.2 


HELICOPTER:  B0EIN6-VERTC,  CH-470 
TEST  DATE:  7-12-83 

OPERATION:  MILITARY  TAKEOFF/TARGET  IAS^70  KTS 


MIC  SITE: 

RUN  NO. 

SEL(DB) 

AL<DB)  TOO-DB) 

K(A; 

6 

L53 

90.2 

83.7 

9 

6.8 

.5 

L54 

90.3 

83.3 

11 

4,7 

.5 

L55 

90.4 

83.5 

11 

6.6 

.4 

AVERAGE 

90.30 

83.50 

10.30 

4.70 

.5 

N 

3 

3 

3 

3 

3 

STD. DEV. 

0.10 

0.20 

1.15 

.09 

.03 

90X  C.I. 

0.17 

0.34 

1.95 

.14 

.05 

TABLE  B.12,3 

HELICOPTER:  BOEING-VERTOL  CH-470 
TEST  DATE:  7-12-83 

OPERATION:  MILITARY  TAKEOFF/TARGET  IAS=7G  KTS 


MIC  SITE: 

RUN  NO. 

SEL(DB) 

AL<DB)  T<10-DB) 

K(A) 

L53 

88 

79.5 

to 

NA 

L54 

88.4 

81 

NA 

to 

L55 

89.4 

81.5 

NA 

to 

AVERAGE 

88.70 

80.70 

N 

3 

3 

STD. DEV. 

0.70 

1.04 

m.  C.I. 

1.18 

1.75 

APPENDIX  C 


Magnetic  Recording  Acoustical  Data  for  Static  Operations 

This  appendix  contains  time  averaged,  A-weighted  sound  level  data  along 
with  time  averaged,  one-third  octave  sound  pressure  level  information  for 
eight  different  directivity  emission  angles.  These  data  were  acquired 
June  6  using  the  TSC  magnetic  recording  system  discussed  In  Section 

5.6.1. 


Thirty-two  seconds  of  corrected  raw  spectral  data  (64  contiguous  1/2 
second  data  records)  have  been  energy  averaged  to  produce  the  data 
tabulated  in  this  appendix.  The  spectral  data  presented  are  "As  Measured" 
for  the  given  emission  angles  established  relative  to  each  microphone 
location.  Also  included  in  the  tables  are  the  360  degree  (eight  emission 
angle)  average  levels,  calculated  by  both  arithmetic  and  energy  averaging. 
The  data  reduction  is  further  described  in  Section  6.1.  Figure  6.1 
(previously  shown)  provides  the  reader  with  a  quick  reference  to  the 
emission  angle  convention. 

The  data  contained  in  these  tables  have  been  used  in  analyses  presented  in 
Sections  9.2  and  9.7.  The  reader  may  cross  reference  the  magnetic 
recording  data  of  this  appendix  with  direct  read  static  data  presented  in 
Appendix  D. 


Appendix  C 


"As  Measured"  1/3  Octave  Noise  Data-- Static  Test  are  presented. 
The  key  to  the  table  numbering  system  is  as  follows: 


Table  No. 


Appendix  No. 


V/. 

1 


1-1H. 

1 


Helicopter  No.  &  Microphone  Location 


1 


Paire  No.  of  Groun  J 

Table  No.  C.1-X.X 

Aerospatiale 

SA-365N  (Dauphin) 

C.2-X.X 

Aerospatiale 

SA-355F  (Twinstar) 

C.3-X.X 

Aerospatiale 

AS-350D  (Astar) 

C.4-X.X 

Sikorsky 

S-76  (Spirit) 

C.5-X.X 

Bell 

222 

C.6-X.X 

Hughes 

500D 

C.7-X.X 

Boeing  Vertol 

CH-470D  (Shinook) 

Microphone  No. 

1H  (soft) 

150  m  northwest 

2  (soft) 

150  m  west 

4H  (soft) 

300  m  west 

5H  (hard) 

150  m  north 

Page  No. 

1  Hover-in- 

-Ground-Effect 

2  Flight  Idle 

3  Ground  Idle 

4  Hover-Out-of-Ground-Effect 


TABLE  NO.  C.7-1H.1  (REV.l) 


BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 

1/3  OCTAVE  NOISE  DATA  —  STATIC  TESTS 
AS  MEASURED**** 

SITE:  1H  (SOFT)  -  150  M.  NW  JULY  12,1983 


DOT /T SC 
6/11/84 


HOVER- I N-GROUND-EFFEC1 

LEVELS  0  ACOUSTIC  EMM  IS  I  ON  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL 
OVER  360  DEGREES 


BAND 


NO. 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY  AVE 

AR1TH 

Std 

* 

** 

*** 

Dv 

SOUND-  PRESSURE 

LEVEL 

dB  re 

20  microPascal 

14 

84.6 

89.4 

81  .2 

86.7 

88.7 

83.9 

83.0 

85.2 

86.1 

41.4 

85.3 

2.8 

15 

81 .6 

87.9 

77.5 

88.7 

80.0 

82.5 

80.1 

72.5 

83.9 

44.5 

81.3 

5.3 

16 

73.9 

80.1 

83.5 

80.7 

76.1 

75.0 

72.1 

73.7 

78.6 

44.0 

76.9 

4.0 

17 

73.9 

81.0 

87.3 

83.0 

79.2 

79.4 

73.4 

77.5 

81.5 

51.3 

79.3 

4.6 

18 

79.3 

84.7 

84.8 

83.3 

82.6 

80.6 

74.1 

77.6 

82.0 

55.8 

80.9 

3.7 

19 

79.0 

86.0 

84.0 

83.8 

83.3 

77.4 

71.3 

75.7 

82.1 

59.6 

80.1 

5.1 

20 

78.3 

87.7 

86.0 

82.8 

79.8 

80.4 

72.8 

76.4 

82.8 

63.7 

80.5 

4.9 

21 

77.9 

88.4 

82.3 

82.3 

79.3 

77.1 

70.9 

74.6 

82.0 

65.9 

79.1 

5.3 

22 

73.7 

84.9 

77.6 

79.6 

75.9 

73.6 

67.1 

70.9 

78.5 

65.1 

75.4 

5.5 

23 

67.9 

76.2 

68.9 

73.2 

68.8 

67.8 

57.3 

63.4 

70.6 

59.7 

67.9 

5.7 

24 

60.1 

67.8 

60.2 

63.3 

61.5 

61.5 

50.3 

56.0 

62.3 

53.7 

60.1 

5.2 

25 

58.8 

62.9 

57.5 

59.1 

59.8 

61.2 

52.6 

54.4 

59.3 

52.7 

58.3 

3.4 

26 

61.7 

66.4 

58.1 

61.2 

61.5 

63.4 

54.8 

55.3 

61.8 

57.0 

60.3 

4.0 

27 

62.2 

73.5 

61.4 

64.2 

64.9 

65.8 

57.9 

57.0 

66.5 

63.3 

63.4 

5.2 

28 

62.5 

69.6 

60.7 

65.0 

64.6 

66.6 

59.4 

57.8 

64.8 

62.9 

63.3 

3.9 

29 

63.4 

69.8 

62.6 

67.2 

66.3 

67.6 

61.6 

60.3 

65.9 

65.1 

64.8 

3.3 

30 

62.9 

69.3 

61.9 

67.1 

65.3 

66.3 

60.9 

60.0 

65.3 

65.3 

64.2 

3.3 

31 

63.2 

68.8 

60.9 

66.9 

64.7 

65.2 

58.6 

61.2 

64.8 

65.4 

63.7 

3.4 

32 

64.0 

68.8 

60.4 

67.4 

64.5 

65.4 

56.9 

62.9 

65.0 

66.0 

63.8 

3.8 

33 

64.0 

68.1 

59.5 

67.1 

64.5 

64.7 

55.6 

63.6 

64.7 

65.9 

63.4 

4.1 

34 

62.3 

65.5 

57.1 

65.2 

62.8 

62.6 

53.8 

61.7 

62 . 6 

63.9 

61.4 

4.0 

35 

62.8 

66.1 

55.6 

63.8 

61.3 

61.8 

52.7 

63.3 

62.4 

63.6 

60.9 

4.5 

36 

61.6 

64.5 

53.8 

62.3 

60.1 

59.9 

51.1 

61.3 

60.8 

61.8 

59.3 

4.5 

37 

60.9 

64.0 

52.9 

60.8 

58.4 

58.4 

50.7 

61.1 

60.0 

60.5 

58.4 

4.5 

38 

61.9 

65.4 

52.8 

59.9 

57.6 

57.5 

50.2 

62.4 

60 . 6 

60.5 

58.5 

5.1 

39 

66.4 

70.6 

55.3 

60.5 

57.4 

57.8 

52.4 

68.4 

65.0 

63.9 

61.1 

6.6 

40 

52.8 

56.2 

47.1 

53.4 

51 . 1 

50.5 

43.5 

53.1 

52.3 

49.8 

51.0 

4.0 

AL 

75.2 

81.4 

74.2 

77.8 

75.7 

76.0 

68.7 

74.4 

76.6 

76.6 

75.4 

3.6 

OASPL 

89.2 

96.2 

93.3 

94.0 

92.1 

89.7 

86.3 

88.0 

92 . 2 

- 

91.1 

3.3 

PNL 

90.2 

97.2 

91 .5 

92.9 

90.5 

90.2 

81.9 

89.2 

92*2 

- 

90.4 

4.3 

PNLT 

91.7 

98.9 

92.4 

93.6 

90.9 

90.9 

82.8 

91.0 

93.6 

— 

91.5 

4.4 

BANDS 

14  TO 

40  -  STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

lOKHz 

*  -  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A-WE I GHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  -  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

****  _ 


32  SECOND  AVERG1NG  TIME 


TABLE  NO.  C.7-1H.2  (REV.l) 


BOEING  VERTOL  CH--47D  HELICOPTER  (CHINOOK) 

1/3  OCTAVE  NOISE  DATA  --  STATIC  TESTS 
AS  MEASURED**** 

SITE:  1H  (SORT)  -  150  M.  NU  JULY  12,1983 


DOr/TSC 

6/11/84 


FLIGHT  IDLE 

LEVELS  6  ACOUSTIC  EMMISION  ANGLES  Of-  (DEGREES) 


AVEF'IAGE  LEVEL 
OVER  360  DEGREES 


BAND 


NO. 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY  AVE 

AK11H 

Std 

* 

** 

##* 

Dv 

SOUND  PRESSURE 

LEVEL 

dB  r  e 

20  m  i  croPa sc  1 

14 

81.8 

84.8 

88.4 

82.8 

84.6 

83.0 

76.4 

81.8 

84.0 

39.3 

82.9 

3.4 

15 

81  .8 

80.8 

74.6 

73.5 

79.3 

77.1 

73.0 

81.9 

79.0 

39.6 

77.7 

3.7 

16 

72 . 5 

73.8 

79.8 

71.7 

70.6 

75.7 

70.8 

74.7 

74.8 

40.2 

73.7 

3.1 

17 

68.4 

75.9 

84.4 

76.3 

71.0 

79.8 

74.7 

75.8 

78 . 3 

48-1 

75.8 

4.9 

18 

72.2 

73.8 

72.5 

75.7 

73.5 

74.0 

71.2 

70.3 

73.2 

47.0 

72.9 

1.7 

19 

66 . 4 

71.5 

74.9 

71.7 

68.1 

72.0 

69.3 

66.2 

70.9 

48.4 

70.0 

3.0 

20 

67.0 

72.7 

77.9 

73.6 

69.4 

73.4 

71.8 

68.0 

73.0 

53.9 

71.7 

3.5 

21 

66 . 3 

73.2 

73.2 

72.1 

68.9 

72.6 

69.2 

67.6 

71  .1 

55.0 

70.4 

2.7 

22 

63.6 

69.8 

69.2 

68.8 

65.5 

69.7 

65.9 

64.4 

67.7 

54.3 

67.1 

2.5 

23 

56.7 

63.6 

61.5 

63.1 

59.0 

63.7 

59.8 

57.6 

61.3 

50.4 

60.6 

2.8 

24 

46.2 

51.7 

51.9 

52.5 

50.6 

53.6 

47.1 

47.1 

50 . 8 

42.2 

50.1 

2.9 

25 

42.5 

46.9 

47.7 

46.5 

47.1 

43.8 

43.9 

44.0 

46.4 

39.8 

45.9 

2.2 

26 

45.4 

49.5 

49.3 

49.1 

49.9 

51.2 

47.3 

47.4 

49.0 

44.2 

48.6 

1.8 

27 

47.4 

51.2 

51.7 

50.0 

51.7 

53.7 

50.2 

49.5 

51.0 

47.8 

50.7 

1  .9 

28 

49.5 

52.9 

53 . 5 

51.3 

52.7 

54.0 

51.6 

51  .0 

52.3 

50.4 

52.1 

1  .5 

’"’9 

52.1 

54.9 

56.2 

55.2 

53.8 

55.4 

53.5 

53.0 

54.5 

53.7 

54.3 

1.4 

30 

52.9 

55.2 

56.6 

56.0 

54.4 

55.4 

54.1 

53.3 

54.9 

54.9 

54.7 

1.3 

31 

53.7 

55 . 5 

57.3 

57.0 

54.8 

55.4 

54.2 

54.0 

55 . 4 

56.0 

55.2 

1  .3 

32 

55 . 5 

57.7 

58.5 

58.1 

55.6 

56 . 5 

55.1 

56.9 

56.9 

57.9 

56 . 7 

1.3 

33 

55.7 

57.8 

58.4 

58.7 

56.1 

56.1 

54.3 

56.8 

57.0 

58.2 

56.7 

1  -5 

34 

55.8 

57.0 

58.3 

58.4 

55.1 

55.9 

53.9 

55.9 

56.5 

57.8 

56.3 

1.5 

35 

56.6 

57.4 

59.2 

59.1 

55.1 

56.1 

54.1 

57.3 

57.2 

58.4 

56.9 

1  .8 

36 

57.3 

57.8 

59.5 

59.5 

55  -  0 

56.0 

53 . 5 

57.7 

57 . 5 

58.5 

57 . 0 

2.1 

37 

57.0 

58.5 

58.8 

58.3 

53.8 

55.0 

52.4 

57.6 

56.9 

57.4 

56 . 4 

2.4 

38 

63.9 

69.7 

60.1 

58.5 

54.9 

55 . 9 

54 . 6' 

66.4 

63.7 

63.6 

60 . 5 

5 . 6 

39 

54  .7 

57.8 

56 . 7 

55.9 

51.9 

52 . 4 

49.5 

55 . 1 

54.9 

53-8 

54.2 

2.8 

40 

49.9 

51.) 

52 . 7 

52 . 3 

47.7 

48.7 

45.6 

49.3 

50 . 2 

47.7 

49.7 

2.4 

AL 

68.5 

72.3 

70.5 

69.8 

66.7 

68.2 

66 . 0 

69.9 

69.4 

69.4 

69.0 

2 . 1 

OASPL 

85.6 

87 . 7 

90.9 

85.8 

86.5 

86.8 

82.0 

86.2 

87.1 

— 

86.4 

2.5 

PNl. 

84.0 

88.6 

86.1 

85.2 

31.6 

33.5 

80.9 

85 . 7 

85.4 

— 

84.4 

2.5 

F'NLT 

85.4 

90.5 

86.7 

85.5 

82.2 

83.7 

81.5 

87.4 

86 . 7 

— 

05.4 

2.9 

BANDS 

14  TO 

40  - 

STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

lOKHn 

*  -  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A-UEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  --  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

#***  _  32  SECOND  AVERGING  TIME 
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TABLE  NO.  C.7-1H.3  (REV.l) 


DOT/TSC 

6/11/84 


BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 

1/3  OCTAVE  NOISE  DATA  —  STATIC  TESTS 
AS  MEASURED**** 

SITE:  1H  (SOFT)  -  150  M .  NW  JULY  12,1983 


GROUND  IDLE 


AVERAGE  LEVEL 


LEVELS 

0  ACOUSTIC 

EMM  I S 

ION  ANGLES  OF 

(DEGREES) 

OVER  360 

DEGREES 

BAND 

NO. 

0 

45 

90 

135 

180 

nr)  Cj 

270 

315 

ENERGY  AVE 

AR1TH 

Std 

* 

** 

*** 

Dv 

SOUND  PRE 

ISSURE 

LEVEL 

dB  re 

20  m i croPascal 

14 

47.6 

48.2 

58.5 

53.3 

50.9 

56.3 

54.8 

52.7 

54.2 

9.5 

52.8 

3.8 

15 

49.2 

48.5 

66.0 

56.4 

55.7 

60.8 

61.0 

55.9 

59.9 

20.5 

56.7 

5.9 

16 

49.6 

50.3 

60.4 

61.6 

56.0 

60.5 

57.5 

52.0 

57.9 

23.3 

56 . 0 

4.8 

17 

49.8 

50.0 

58 . 6 

56.9 

55.0 

59.8 

59.0 

52.5 

56.6 

26.4 

55.2 

4.0 

18 

51.2 

50.8 

60.9 

62.1 

57.4 

60.9 

63.3 

54.3 

59.6 

33.4 

57.6 

5.0 

19 

54.1 

52.6 

65.0 

62.2 

59.9 

63.8 

66.2 

56.6 

62.2 

39.7 

60.0 

5.1 

2.0 

53.5 

51.4 

64.4 

61.3 

60.2 

62.2 

63.4 

56.8 

60.9 

41.8 

59.1 

4.8 

21 

54.1 

50.1 

62.1 

60.7 

58.2 

60.9 

61.9 

56.1 

59.4 

43.3 

58.0 

4.3 

22 

49.4 

45.0 

54.5 

56.8 

53.3 

56.7 

56.9 

50.3 

54.3 

40.9 

52.9 

4.3 

23 

39.9 

37.5 

47.8 

48.4 

46.5 

48.6 

50.2 

41.7 

46.8 

35.9 

45.1 

4.7 

24 

35.9 

30.8 

38.2 

39.8 

39.8 

39.4 

38.7 

35.6 

38.0 

29.4 

37.3 

3.1 

25 

34.4 

30.1 

34.1 

39.6 

39.5 

38.0 

37.0 

34.9 

36.9 

30.3 

35.9 

3.2 

26 

34.4 

31.9 

36.5 

43.0 

40.5 

39.8 

39.0 

36.4 

38.9 

34.1 

37 . 7 

3.6 

27 

35.8 

33.5 

37.2 

40.8 

41.6 

41.0 

41.2 

35.8 

39.3 

36.1 

38.4 

3.2 

28 

35.7 

35.0 

38.8 

43.9 

41.8 

43.8 

43.5 

36.6 

41.2 

39.3 

39.9 

3.8 

29 

39.8 

38.7 

40.3 

46.2 

43.6 

46.2 

44.8 

38.6 

43.3 

42.5 

42.3 

3.3 

30 

42.6 

43.3 

41.4 

45 . 5 

45.4 

47.  B 

45.7 

42.6 

44.8 

44.8 

44.3 

2.2 

31 

44.6 

45.7 

43.8 

47.2 

47.9 

50.4 

47.4 

43.9 

46.9 

47.5 

46.4 

2.3 

32 

45.9 

43.6 

42.1 

46.1 

47.6 

51.0 

48.0 

42.8 

46.8 

47.8 

45.9 

3.0 

33 

52.3 

47.4 

45.0 

47.8 

48.8 

53.3 

50.7 

46.7 

50.0 

51.2 

49.1 

3.0 

34 

51.1 

48.5 

44 . 6 

48.7 

48.7 

53 . 5 

51.6 

47.0 

50.0 

51.3 

49.2 

2.8 

35 

51  .3 

50.0 

44.7 

48.5 

48.3 

53 . 3 

52 . 3 

47.8 

50 . 2 

51.4 

49.5 

2.8 

36 

52.3 

52.1 

44.8 

48.1 

48.4 

53.4 

52.1 

48.6 

50.7 

51.7 

50.0 

2.9 

37 

56.3 

60.0 

45.8 

47.6 

48.1 

53.2 

52.4 

56.5 

54-8 

55.3 

52.5 

5.0 

38 

51.5 

52.5 

43.4 

46.3 

46.7 

51.3 

50.2 

48.4 

49.7 

49.6 

48.8 

3.1 

39 

52 . 1 

52.1 

42.0 

44.4 

46.1 

49.1 

48.0 

48.2 

48.9 

47.8 

47.7 

3.5 

40 

55  -  5 

47.7 

38.5 

42.9 

41.8 

46.3 

45.5 

43.8 

48.4 

45.9 

45.2 

5.0 

AL 

62.8 

63.2 

56.3 

59.0 

59.1 

63.2 

61.3 

60.2 

61.2 

61 .2 

60.7 

2.5 

OASPL 

64.9 

64.5 

72.0 

69.8 

67.3 

71.0 

71.7 

65.5 

69.3 

— 

68.3 

3.2 

PNL 

76.7 

77.6 

70.8 

73.6 

73.2 

77.4 

76.4 

75.4 

76.3 

— 

75.1 

2.4 

PNLT 

78.1 

80.2 

71.2 

74.1 

73.5 

77.6 

76.9 

78.0 

77.8 

76.2 

3.0 

BANDS 

14  TO 

40  - 

STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

lOKHz 

*  -  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A- WEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  -  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 


****  -  32  SECOND  AVERG I NG  TIME 


k 


TABLE  NO.  C.7-1H.4  (RFV.l) 
BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
1/3  OCTAVE  NOISE  DATA  —  STATIC  TESTS 
AS  MEASURED**** 


DOT/TSC 

6/11/84 


SITE:  1H 


(SOFT)  -  150  M.  NW 


JULY  12,1983 


HOVER-OUT-OF-GROUND--EFFECT 
LEVELS  0  ACOUSTIC  EMMISION  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL 
OVER  360  DEGREES 


BAND 

NO. 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY 

AVE 

AR1TH 

Std 

* 

#* 

*** 

Dv 

SOUND  PRESSURE 

LEVEL 

dB  re 

20  m  i  croPasca'I 

14 

91.6 

87.2 

70.8 

84.8 

— 

81.4 

83.2 

85.1 

86.3 

41.6 

83.4 

6.4 

15 

76.5 

80.7 

70.6 

88.3 

— 

84.8 

78.8 

82.1 

83.0 

43.6 

80.3 

5.8 

16 

70.0 

73.2 

87.7 

82.6 

— 

76.3 

79.9 

76.0 

81.5 

46.9 

78.0 

6.0 

17 

74.0 

77.0 

91.6 

86.0 

- 

80.7 

83.0 

78.5 

85.2 

55.0 

81.5 

5.9 

18 

83.2 

79.6 

87.7 

87.8 

-- 

82.3 

80.7 

80.8 

84.3 

58.1 

83.2 

3.3 

19 

79.7 

83.3 

87.4 

85.5 

- 

79.8 

83.4 

75.8 

83.5 

61.0 

82.1 

3.9 

20 

77.6 

85.3 

89.6 

85.4 

- 

79.8 

83.1 

77.7 

84.6 

65.5 

82.6 

4.5 

21 

77.9 

86.2 

87.4 

84.1 

— 

79.1 

80.2 

77.7 

83.4 

67.3 

81 .8 

4.0 

22 

75.6 

04.3 

85.1 

80.6 

— 

75.8 

75.3 

74.6 

80.8 

67.4 

78.8 

4.5 

23 

71 .6 

81.2 

80.0 

72.0 

— 

73.0 

72.1 

69.5 

76.4 

65.5 

74.2 

4.5 

24 

73.1 

78.8 

78.0 

70.8 

— 

73.9 

74.3 

70.4 

75.2 

66  >  6 

74.2 

3.2 

25 

75.8 

77.6 

80.0 

74.7 

— 

75.5 

76.4 

72.4 

76.6 

70.0 

76.1 

2.4 

26 

75.8 

77.9 

77.7 

79.5 

— 

75.5 

76.5 

73.1 

77.0 

72.2 

76.6 

2.1 

27 

74.3 

79.0 

77.0 

80.7 

— 

76.6 

77.1 

74.0 

77.5 

74-3 

77.0 

2.4 

28 

72.4 

76.3 

74.5 

78.5 

— 

74.5 

75.1 

71.8 

75.3 

73.4 

74.7 

2.3 

29 

67.0 

73.2 

70.6 

73.8 

70.9 

72.8 

69.3 

71.6 

70.8 

71.1 

2.4 

30 

67.2 

70.0 

73.0 

73.6 

— 

71.2 

72.9 

69.7 

71.6 

71.6 

71.1 

2.3 

31 

68.3 

72.8 

72.7 

74.0 

— 

70.6 

71.3 

70.7 

71.8 

72.4 

71.5 

1.9 

32 

65.9 

71.3 

69.2 

69.9 

— 

68.9 

70.7 

71.2 

69.9 

70.9 

69.6 

1.9 

33 

65.4 

71.5 

69.0 

69.7 

— 

67.5 

69.0 

69.0 

69.1 

70.3 

68.7 

1.9 

34 

63.3 

68.4 

66.4 

67.1 

- 

65.8 

67.5 

66.5 

66.7 

68.0 

66.4 

1.6 

35 

63.1 

68.0 

65.7 

65.4 

— 

64.7 

67.3 

68.4 

66.4 

67.6 

66.1 

J  .9 

36 

60.8 

66.1 

63.4 

63.2 

— 

62.4 

64.7 

66.2 

64.2 

65.2 

63.8 

2.0 

37 

60.6 

66.2 

62.6 

62.2 

61.5 

64.7 

66.8 

64.1 

64.6 

63.5 

2.4 

38 

60.4 

66.5 

62.7 

61.4 

— 

60.3 

64.0 

66.9 

63.9 

63.8 

63.2 

2.7 

39 

63.8 

69.5 

65.6 

61.1 

— 

61.4 

66.6 

71.2 

67.0 

65.9 

65.6 

3.8 

40 

52.0 

56.9 

54.1 

53.5 

52.7 

56.3 

57.8 

55.2 

52.7 

54.8 

2.2 

AL 

79.6 

84.3 

83.8 

84.4 

_ 

81.4 

82.7 

81.4 

82.8 

82.8 

82.5 

1  .8 

OASPL 

93.3 

94.2 

97.4 

95.7 

— 

91.2 

92.0 

90.4 

94.1 

- 

93.5 

2.5 

PNL 

98.2 

99.1 

97.6 

— 

94.6 

96.2 

95.5 

96.6 

— 

96.3 

2 . 1 

PNLT 

94.5 

99.5 

100.3 

98.1 

- 

95.4 

97.3 

96.9 

97.8 

97.4 

2.1 

BANDS  14  TO  40  -  STANDARD  1/3  OCTAVE  BANDS  25  TO  tOKHz 

*  --  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A-WEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  --  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

****  -  32  SECOND  AVERGING  TIME 


TABLE  NO.  C.7--2H.1  (REV.l) 


BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 

1/3  OCTAVE  NOISE  DATA  —  STATIC  TESTS 
AS  MEASURED**** 

SITE:  2  (SOFT)  -  150  M.  WEST  JULY  12,1983 


DOT/TSC 

6/11/84 


HOVER-- 1 N-GROUND--EFFECT 

LEVELS  @  ACOUSTIC  EMM  IS  I  ON  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL 
OVER  360  DEGREES 


BAND 


NO. 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY  AVE 

ARITH 

Std 

* 

M* 

*** 

Dv 

SOUND  PRESSURE 

LEVEL 

dB  re 

20  nu  crop  a  sc  is 

1 

14 

90.9 

91.8 

84.4 

88.2 

91.6 

84.1 

88.2 

89.4 

89.4 

44.7 

88.6 

3.0 

15 

84.0 

90.5 

78.3 

91.0 

82.4 

88.1 

78.7 

78.2 

86.6 

47.2 

83.9 

5.4 

16 

76.7 

82.9 

84.6 

82.7 

78.2 

80.5 

73.3 

77.3 

80.8 

46.2 

79.5 

3.8 

17 

75.4 

84.8 

88.2 

85.5 

80.4 

82.8 

74.6 

80.3 

83.5 

53.3 

81.5 

4.8 

18 

82.6 

87.8 

85.0 

87.5 

85.0 

83.7 

73.0 

80.7 

84.7 

58.5 

83.2 

4.7 

19 

81.4 

88.0 

82.3 

85.5 

86.1 

79.2 

70.7 

78.4 

83.7 

61.2 

81.4 

5.5 

20 

79.6 

89.3 

83.8 

87.0 

82.9 

81.3 

73.4 

79.8 

84.3 

65.2 

82.1 

4.9 

21 

79.0 

89.7 

81.3 

85.0 

81.9 

79.5 

70.2 

77.9 

83.5 

67.4 

80.6 

5.7 

22 

75.6 

86.1 

75.9 

83.0 

79.1 

75.6 

66  5 

74.4 

80.2 

66.8 

77.0 

5.9 

23 

68.3 

76.6 

66.8 

76.6 

71.7 

67.4 

57.9 

66.9 

72.1 

61.2 

69.0 

6.1 

24 

59.3 

69.6 

57.8 

67.6 

62.9 

57.7 

47.8 

56.0 

63.8 

55.2 

59.8 

6.9 

25 

58.6 

68.2 

57.5 

61.4 

60.4 

58.0 

49.7 

55.1 

61.5 

54.9 

58.6 

5.3 

26 

61.2 

69.9 

58.6 

62.0 

61.5 

60.6 

51.5 

56.5 

63.2 

58.4 

60.2 

5.2 

27 

63.5 

76.6 

60.9 

65.9 

64.5 

64.5 

55.4 

59.2 

68.7 

65.5 

63.8 

6.2 

28 

63.7 

72.9 

61.4 

67.2 

64.9 

65.8 

57.0 

60.8 

66.7 

64.8 

64.2 

4.8 

no 

64.8 

72.6 

62.2 

67.9 

66.2 

67.2 

58.6 

63.1 

67.1 

66.3 

65.3 

4.2 

30 

64.5 

72.4 

61.5 

67.5 

65.9 

66.3 

56.9 

62.6 

66.7 

66.7 

64.7 

4.6 

31 

64.7 

72.2 

60.1 

67.1 

65.8 

66.3 

54.7 

63.9 

66.6 

67.2 

64.3 

5.2 

32 

64.9 

71.0 

58.1 

67.0 

65 . 2 

66.5 

52.7 

65.2 

66.1 

67.1 

63.8 

5.7 

33 

64.5 

70.1 

56.1 

66.9 

65.1 

65.6 

52.2 

65.5 

65.6 

66.8 

63.2 

6.0 

34 

62.7 

67.8 

53.8 

65.3 

62.6 

62.9 

51.0 

63.4 

63.4 

64.7 

61.2 

5.7 

35 

63.0 

67.4 

52.6 

63.6 

60.6 

61.4 

50.0 

64.5 

62.8 

64.0 

60.4 

6.0 

36 

60.4 

65.0 

50.7 

61.5 

58.3 

59.0 

48.4 

61  .8 

60.4 

61.4 

58. 1 

5.7 

37 

59.4 

64.4 

49.4 

59.5 

56.2 

57.4 

47.7 

61.3 

59.4 

59.9 

56.9 

5.7 

38 

59.5 

65.9 

49.0 

58.3 

55.2 

56.7 

47.2 

62.3 

60.0 

59.9 

56.8 

6.3 

39 

64.1 

72.2 

51.7 

59.2 

56.3 

58.6 

49.0 

68.4 

65.5 

64.4 

59.9 

7.9 

40 

50.8 

56.8 

42.9 

50.5 

48.4 

49.3 

41.0 

53.1 

51.4 

48.9 

49.1 

5.1 

AL. 

75.6 

83.5 

72.8 

79.0 

76.5 

76.3 

66.0 

75.9 

77.8 

77.8 

75.7 

5.0 

OASF'L 

93.3 

98.3 

93.4 

96.5 

94.7 

92.6 

89.4 

91.8 

94.6 

- 

93.7 

2.8 

PNI. 

90.6 

99.0 

89.8 

95.0 

92.1 

90.9 

80.5 

91.0 

93.5 

— 

91.1 

5 . 3 

F'NLl 

92.1 

100.9 

90.8 

95.8 

92.9 

91.8 

81.3 

92.8 

95.1 

92.3 

5 . 5 

BANDS 

14  TO 

40  -  ! 

STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

lOKHz 

*  -•  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A-WEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  -  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

****  --  32  SECOND  AVF.RGING  TIME 


TABLE  NO 


C.7-2H.2  (RFV.l) 


BOE»NG  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
1/3  OCTAVE  NOISE  DATA  --  STAIIC  TESTS 
AS  MEASURED**** 


DOT/TSC 

6/12/84 


SITE:  2 


(SOFT)  -  150  M.  WEST 


JULY  12,1983 


FLIGHT  IDLE 

LEVELS  @  ACOUSTIC,  EMM 1 3 ION  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL 
OVER  360  DEGREES 


BAND 


NO. 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY  AVE 

AKI1H 

Std 

* 

*# 

#»* 

Dv 

SOUND  PRESSURE 

LEVEI 

dE:  re 

20  hi  i  croPa*sc<j ! 

14 

87.5 

89.0 

92.9 

86.8 

87.1 

86.1 

81.5 

87.3 

38.3 

43.6 

87.3 

3.2 

15 

85.7 

85.0 

73.8 

79 . 2 

36.0 

85.8 

31.3 

31.4 

83.6 

44.2 

82.3 

4.3 

16 

77.0 

78.1 

83.5 

76.3 

77 . 6 

79.2 

76.0 

78.8 

79.0 

44.4 

78.3 

2.4 

17 

72.6 

79.4 

88.0 

80.3 

76.4 

80.2 

78.8 

82.1 

81 .9 

51.7 

79.7 

4.4 

18 

75.3 

76.0 

75.1 

78.4 

77 . 5 

73.4 

76.9 

74.5 

76.2 

50.0 

75.9 

1 .6 

19 

70.1 

69.9 

75.9 

73.7 

73.0 

71.8 

73.6 

68.3 

72 . 6 

50.1 

72.0 

2.5 

20 

71.7 

71.0 

79.9 

74.6 

74.7 

74.4 

76.4 

70.1 

75.2 

56.1 

74.1 

3.2 

21 

71 .3 

70.9 

72.1 

73.5 

74.6 

74.4 

73.2 

69.8 

72.8 

56.7 

72.5 

1  .7 

22 

69.3 

69.9 

68 . 6 

70.8 

71.4 

71.9 

69.7 

66.2 

70.0 

56.6 

69.7 

1  .8 

23 

64.4 

64.1 

60.7 

65.8 

65.8 

65.1 

63.9 

59.2 

64.1 

53.2 

63.6 

2.4 

24 

52 . 2 

53.3 

50 . 3 

54.7 

54.8 

53.9 

51.6 

47.9 

52 . 9 

44.3 

52.4 

2 . 4 

25 

47.5 

50.4 

47.7 

49.3 

50 . 4 

50 . 4 

47.8 

44.8 

48.9 

42.3 

48.5 

2.0 

26 

49.7 

51.2 

48.6 

51 .2 

52 . 0 

53.3 

4  V.  5 

46.8 

50.7 

45.9 

.0 . 3 

2 . 1 

27 

51.3 

51.3 

50.7 

53.6 

55.0 

56.4 

52 . 3 

49.7 

53.2 

50 . 0 

52.7 

2.2 

28 

54 . 2 

52.0 

t ,  n  y 

54.9 

56.3 

58.3 

53 . 9 

52.3 

54.8 

52.9 

54.3 

n  'i 

29 

55 . 5 

51.2 

5  3 '.4 

55.9 

58 . 0 

59.3 

55.0 

53.4 

55.9 

55 . 1 

55 . 2 

2  ".6 

30 

55 . 5 

51  .0 

54.0 

56.1 

58.3 

59 . 4 

55 . 2 

54.0 

56.1 

56.1 

55 . 4 

2  » 6 

31 

56 . 3 

51.9 

56.1 

57.7 

59 . 2 

60.1 

56.0 

55.5 

57.2 

57 . 3 

56.6 

2  5 

■n 

57.7 

53.5 

58.0 

59.5 

59 . 7 

61.7 

57 . 3 

58.0 

58.7 

59 . 7 

58.2 

25  4 

33 

57.7 

53.5 

56.4 

60 . 1 

59.1 

61.3 

56.4 

57.6 

58.3 

e,  u  c; 

sj  t  *  \J 

57.8 

2.4 

34 

57.2 

53.8 

57.1 

58.9 

58 . 3 

61.0 

56.8 

57 . 6 

58.0 

59 . 3 

57.6 

2.0 

35 

56.9 

54.0 

58.1 

59 . 4 

58.0 

61.2 

57.2 

58.9 

53.4 

59.6 

58.0 

2.1 

36 

56 . 9 

54.4 

57.4 

59 . 3 

57 . 3 

60.8 

56.2 

58 . 9 

58.0 

59.0 

57.6 

2.0 

37 

56.1 

55.1 

56.2 

58.4 

55 . 9 

59 . 4 

55 . 0 

58 . 7 

57.2 

57.7 

56.3 

1  .7 

38 

62 . 7 

66.3 

58.1 

58 . 3 

56 . 2 

60 . 5 

57.4 

67 . 5 

62 . 8 

62 . 7 

60.9 

4.2 

39 

53.6 

54.4 

53.3 

55.3 

53.4 

57.0 

51  .9 

56.4 

54.7 

53.6 

54 . 4 

1  .7 

40 

47.9 

47.9 

49.0 

50 . 7 

49.2 

53 . 2 

47.5 

50 . 2 

49.9 

47.4 

49.4 

1.9 

AL 

69.4 

69 . 3 

69.6 

70.6 

70.3 

72.3 

68.8 

71.1 

70.3 

70.3 

70.2 

1  . 1 

OASF'L 

90.4 

91.3 

94.8 

89.4 

90  . 7 

90.4 

87.4 

89 . 9 

91.0 

— 

90.5 

2.1 

PNL 

35.0 

36.0 

87.1 

86 . 1 

85.3 

37.4 

34.4 

87.2 

86.2 

- 

36 . 1 

1  . 1 

F'NLT 

86 . 3 

07.9 

83.0 

86 . 4 

85 . 7 

87. 6 

85 . 0 

88 . 9 

87.3 

87 . 0 

1 .3 

BANDS 

14  TO 

40  - 

STANDARD  1/3 

OCTAVE 

BANDS  25  TG 

lOKHz 

*  -  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A- WEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  -  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

****  -  32  SECOND  AVERGING  TIME 


TABLE  NO.  C.7-2H.3  (REV.l) 


BOE I N(3  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 

1/3  OCT  ABE  NOISE  DATA  --  STATIC  TESTS 
AS  MEASURED#*** 

SITE:  2  (SOFT)  -  150  M.  WEST  JULY  12,1983 


DOT /TOC 
6/1 1/84 


GROUND  IDLE 

LEVELS  0  ACOUSTIC  EMMISION  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL- 
OVER  360  DEGREES 


BAND 


NO. 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY  AVE 

ARITH 

Std 

* 

** 

*** 

Dv 

SOUND  PRESSURE 

LEVEL 

d&  re 

20  m  i  croPasciS  i 

14 

52.6 

57.0 

63.0 

57.8 

56.4 

59.5 

58.2 

57 . 7 

58.6 

13.9 

57 . 8 

2.9 

15 

53.5 

55.1 

68.7 

60.0 

61.8 

62.9 

62.0 

59.4 

62 . 7 

■  23.3 

60.4 

4.7 

16 

56.0 

61.0 

65.8 

65.0 

62.3 

63.6 

60.2 

56 . 6 

62.5 

27.9 

61.3 

3.6 

17 

56.1 

58.4 

61.6 

61.2 

60.7 

64.0 

60.8 

55.7 

60.6 

30.4 

59.8 

2.9 

18 

56.7 

60.6 

62.5 

65.5 

63.5 

64.8 

63.8 

58.4 

62.8 

36.6 

62.0 

3.1 

19 

59.1 

61.7 

65.6 

65.2 

64.0 

66.4 

65.5 

59 . 7 

64.1 

41.6 

63.4 

2.9 

20 

59.2 

61.4 

64.8 

64.9 

64.3 

66.4 

64.1 

60.6 

63.8 

44.7 

63.2 

2.5 

21 

59.4 

60.8 

63.4 

63.8 

63.0 

65.8 

62.5 

60.1 

62.8 

46.7 

62.3 

2.1 

22 

54.7 

56.1 

56.2 

60.6 

58.5 

61.4 

58.3 

54 . 6 

58.2 

44.8 

57.5 

2.6 

23 

46.1 

47.8 

50.1 

52.6 

51.2 

53.7 

51.2 

46.3 

50.6 

39.7 

49.9 

2.9 

24 

37.8 

37.0 

42.8 

43.6 

41.0 

43.7 

37.4 

36.2 

40.9 

32.3 

39.9 

3.2 

25 

36.4 

34.5 

40.6 

42.2 

39.3 

40.4 

37.4 

34.8 

39.0 

32.4 

38.2 

2.9 

26 

37.4 

37.5 

42.3 

42.7 

40.5 

43.1 

39.3 

36.0 

40.6 

35.8 

39.8 

2.7 

27 

39.6 

38.7 

41.3 

43.7 

43.2 

46.0 

40.2 

38.2 

42.1 

38.9 

41.4 

2.7 

28 

41.3 

40.5 

41.5 

46.6 

44.6 

49.3 

42.2 

40.2 

44.5 

42.6 

43.3 

3.3 

29 

50.2 

42.4 

43.3 

49.0 

47.2 

51.5 

43.8 

42.2 

47.6 

46.0 

46.2 

3.7 

30 

51.6 

45.1 

43.9 

48.3 

49.1 

52.0 

45.7 

46.3 

48.7 

48.7 

49.7 

3.0 

31 

52.5 

48.0 

45.4 

50.8 

51.7 

53.0 

47.4 

49.0 

50.4 

51.0 

49.7 

2.7 

32 

52.8 

46.9 

44.4 

48.7 

51.6 

52.8 

49.1 

47.6 

50.1 

51.1 

49.2 

3.0 

33 

56.9 

50.5 

46.9 

50 . 0 

52.8 

56.3 

52.1 

51.6 

53.2 

54.4 

52.1 

3.3 

34 

56.4 

51.7 

47.9 

50.9 

52.9 

55.8 

53 . 2 

52.1 

53 . 3 

54.6 

52 . 6 

2.7 

35 

56.4 

52.5 

48.3 

49.8 

52.4 

56.0 

54.2 

52.5 

53.5 

54.7 

52.8 

2  8 

36 

56.2 

53.4 

48.1 

48.6 

51.7 

55.6 

53.3 

52.8 

53 . 2 

54.2 

52.5 

2. "9 

37 

59.1 

60.5 

48.9 

48.1 

51.5 

55.4 

54.3 

59.8 

56.8 

57.3 

54.7 

4.9 

38 

55.0 

53.7 

46.7 

46.4 

50.0 

53.5 

52.0 

52.3 

52.1 

52.0 

51.2 

3.2 

39 

55.6 

53.6 

45.5 

44.3 

48.9 

51 .3 

50.4 

52.7 

51.6 

50.5 

50.3 

3.9 

40 

57.0 

49.0 

42.0 

41.8 

44.6 

49.1 

47.4 

47.7 

50.2 

47.7 

47.3 

4.9 

AL 

66.9 

64.5 

58.9 

61.0 

62.8 

65.9 

63.2 

64.1 

64.0 

64.0 

63.4 

2.6 

OASF'L 

69.5 

70.4 

74.2 

73.2 

72.2 

74.5 

72.4 

69.4 

72.4 

- 

72.0 

2.0 

PNL 

80.7 

79.8 

73.8 

75.6 

77.1 

80.5 

77.9 

79.2 

78.9 

— 

78.1 

2.5 

F'NLT 

81.9 

82.1 

74.2 

76.1 

77.4 

80.9 

78.2 

81.6 

80.3 

~ 

79 . 0 

3.0 

BANDS 

14  TO 

40  --  ' 

STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

lOKHz 

*  -  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A-WE I GHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  ~  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

****  _  32  SECOND  AVERGING  TIME 


T AE'-LE  NC) .  C.7-2H.4  (REV.l) 

DUE  I NG  VFRTQL  CH-47D  HELICOPTER  (CHINOOK) 

1/3  OCTAVE  NOISE  DATA  —  STATIC  TESTS 
AS  MEASURED**** 

SITE:  2  (SOFT)  -  150  M.  WEST  JULY  12,1983 


DOT/TSC 

6/11/84 


HOVER-OUT -OF -GROUND-EFFECT 
LEVELS  @  ACOUSTIC  EMMISION  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL 
OVER  360  DEGREES 


RAND 


NO. 

0 

45 

90 

135 

180 

me, 

270 

315 

ENERGY  AVE 

ARITH 

Std 

# 

** 

#** 

Dv 

SOUND  PRE 

SSURE 

LEVEL 

d£:  re 

20  iti  i  c 

roPasca 

1 

14 

95.3 

90.8 

83.5 

88.5 

96.3 

83.7 

88.6 

83.9 

91,4 

46.7 

88.8 

5.1 

15 

80.0 

84.4 

75.3 

91 .5 

82 . 9 

89.6 

78.9 

37.5 

86.5 

47.1 

83.8 

5.6 

16 

74.0 

75.9 

89.8 

82.7 

80.9 

82 . 2 

83.1 

81.2 

83.6 

49.0 

81.2 

4.8 

17 

76.0 

78.4 

93.2 

85.8 

84.1 

85.7 

85.9 

83.1 

86.8 

56.6 

84.0 

5.2 

18 

85.1 

82.6 

89.1 

87.1 

90.1 

87.4 

82.6 

83.9 

86.8 

60.6 

86.0 

2.9 

19 

82.2 

84.4 

88.8 

87.1 

86.9 

82.7 

83.6 

76.0 

85.2 

62.7 

84.0 

4.0 

20 

79.3 

86.6 

93  .2 

86.2 

85.7 

82.1 

83.9 

79.0 

85.9 

66.8 

84.2 

4.1 

21 

79.3 

87.3 

88.0 

83.8 

85.2 

30.9 

81.9 

79.1 

84.4 

68.3 

83.2 

3.4 

22 

76.2 

85.7 

86.2 

82.4 

82.5 

77.8 

76.8 

77.2 

82.2 

68.8 

80,6 

4.1 

23 

71 .0 

80.9 

80.5 

75.7 

75.3 

73.6 

72.1 

70.3 

76.6 

65.7 

74.9 

4.0 

24 

68.5 

75.8 

76.7 

72.0 

73 . 5 

75.9 

70.9 

69.6 

73.8 

65.2 

7  2.9 

3.1 

25 

72.2 

76.1 

79.6 

73.3 

77 . 7 

80.2 

75.4 

73.7 

77.4 

70.8 

76.6 

2.8 

26 

73 . 6 

79.0 

79.3 

80.7 

77.6 

80.0 

75.6 

74.6 

78.2 

73.4 

77.5 

2.7 

27 

74.3 

80.7 

78.9 

82.2 

77.0 

79.4 

76.1 

75.2 

78 . 7 

75.5 

78.0 

2.8 

28 

71.7 

79.9 

78.7 

78.8 

73.6 

74.7 

73.8 

72.1 

76.5 

74.6 

75.4 

3.2 

29 

66.7 

73.1 

73.0 

73.5 

70.3 

73.9 

71.2 

69.7 

71.9 

71.1 

71.4 

2.5 

30 

68.4 

74.2 

74.6 

74.8 

71.8 

74.6 

73.3 

70.9 

73.3 

73.3 

72.8 

2.3 

31 

68.8 

76.5 

73.8 

75.1 

69.4 

70.3 

71.1 

71.7 

72.9 

73.5 

72.1 

2.7 

32 

66.8 

72.6 

71.2 

70.9 

68.0 

70.9 

70.4 

71.8 

70.6 

71.6 

70.3 

1.9 

33 

66.9 

73.6 

71.4 

70.7 

67.6 

69.1 

6°  4 

70.0 

70.3 

71.5 

69.8 

2.1 

34 

64.8 

70.4 

68.6 

68.4 

65.1 

67.4 

68.0 

67.6 

67.9 

69.2 

67.5 

1.3 

35 

65.2 

70.7 

68.2 

67.5 

63.8 

66.8 

67.7 

70.3 

68.1 

69.3 

67.5 

2.3 

36 

62.8 

68.4 

65.9 

64.9 

62.5 

64.3 

65.1 

67.6 

65.6 

66 . 6 

65.2 

2.1 

37 

62.3 

68.0 

64.6 

62.7 

59.5 

63.1 

64.7 

67.9 

64.9 

65.4 

64.1 

2.9 

38 

61.9 

67.9 

63.8 

61.6 

58.3 

62.2 

63.8 

68.1 

64.5 

64.4 

63.4 

3.3 

39 

65.5 

71 .0 

66.3 

62.0 

57.4 

63.4 

65.8 

72.4 

67.6 

66.5 

65.5 

4.8 

40 

53.3 

58.3 

55  _  5 

53.7 

51.4 

55.4 

56.4 

58.6 

55.9 

53.4 

55.3 

2.5 

AL 

79.6 

86.2 

85.4 

85.5 

82.2 

83.9 

82.3 

82.4 

83.9 

83.9 

83.4 

2.2 

OASPL 

96.4 

96.1 

99.0 

97.1 

98.8 

95.1 

94.0 

92.7 

96.6 

- 

96.1 

2.2 

PNL 

93.8 

99.7 

100.6 

98.8 

96.5 

97.3 

96.3 

97.0 

97.8 

— 

97.5 

2.2 

PNLT 

95. 1 

101.0 

101.7 

99.6 

97.3 

98.1 

97.3 

98.5 

99.0 

— 

98.6 

2.1 

BANDS 

14  TO 

40  -  1 

STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

tOKIHz 

*  -  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A-WEI6HTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  -  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

****  -  32  SECOND  AVERGING  TIME 


T  At:t_E  NO.  C.7-4H.1  (F<EV.1> 


HOLING  Vf  RTOL  CH -470  HELICOPTER  (CHINOOK) 
1/.5  OCIAVE  NOISE  DATA  --  STATIC  TESTS 
AS  MEASURED**** 


DOT/TSC 

6/11/84 


SITE:  4H 


(SOFT)  --  300  M.  WEST  JULY  12,1983 


HOVER-  IN-GROUND-EF Ft  CT 

LEVELS  @  ACOUSIIC  EMM  IS  I  ON  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL 
OVER  360  DEGREES 


HAND 


NO. 

0 

45 

90 

1  35 

180 

225 

270 

315 

ENERGY 

AVE 

AR1TH 

Std 

# 

#* 

*** 

Dv 

SOUND  PRESSURE 

LEVEL 

dE:  r  e 

20  microPascii 

1 

14 

81 . 1 

76.7 

75.2 

78.4 

81.6 

74.3 

79.4 

81 .1 

79.2 

34.5 

78.5 

2.8 

15 

74.0 

76.0 

71.4 

81.8 

72.3 

77.8 

71.0 

74.0 

76.3 

36.9 

74.8 

3.6 

16 

67.5 

68.6 

77.4 

73.4 

69.6 

70.3 

65.3 

72.2 

72.1 

37.5 

70.5 

3.8 

17 

66.2 

69.5 

79.5 

75.6 

71.2 

72.7 

65.8 

74.0 

74.0 

43.8 

71.8 

4.7 

18 

73.1 

72.0 

7/  2 

78.3 

75.7 

73.9 

64.9 

73.4 

74.6 

48.4 

73.4 

4.0 

lrj 

71.9 

72.0 

71 '.  8 

74.8 

7  7.2 

70.0 

60.4 

71.0 

72.8 

50.3 

71.1 

4.9 

20 

68 . 1 

71.8 

71  .8 

74.1 

yn  <•> 

69.7 

62.1 

69.8 

70.9 

51.8 

69.9 

3.7 

21 

63.4 

70.6 

66.9 

70.1 

69’  3 

65.8 

56.1 

65.9 

67.5 

51.4 

66.0 

4.7 

59 . 9 

61.4 

61.2 

65.2 

61  .3 

57.4 

50 . 8 

59.5 

60.9 

47.5 

59 . 6 

4.2 

23 

6 1  . 5 

59.6 

57.5 

67.2 

59 . 6 

53.6 

47.2 

58.9 

61.0 

50.1 

58.1 

5 . 8 

24 

62.9 

60.4 

55 . 6 

65 . 6 

58 . 7 

52.6 

45.4 

59 . 7 

60 . 5 

51.9 

57.6 

6.4 

25 

63.3 

57.6 

53.4 

63.7 

58.3 

52.9 

45.2 

60.0 

59 . 6 

53 . 0 

56.9 

6.2 

26 

64.9 

56.7 

54.1 

62.4 

61 . 1 

54.2 

47.0 

61.5 

60.3 

55 . 5 

57 . 7 

5.9 

27 

65.7 

61.0 

56.0 

64.3 

63.9 

57 . 3 

49.7 

63.4 

62.2 

59.0 

60.3 

5.4 

23 

65 . 6 

58.4 

57.6 

65 . 6 

64 . 6 

57 . 9 

50.8 

64.2 

62.7 

60.8 

60.6 

5.3 

29 

67.4 

65.1 

60.1 

67.4 

66.1 

60.1 

52.8 

66.7 

65.0 

64.2 

63.2 

5.2 

30 

66 . 5 

65.2 

59 . 3 

66.8 

65 . 3 

59 . 5 

51.7 

65 , 7 

64.3 

64.3 

62.5 

5.3 

31 

65.4 

65.2 

58.4 

66 . 1 

64.7 

59.4 

50.7 

66.0 

63.9 

64.5 

62.0 

5.5 

32 

64 . 3 

64.3 

57.0 

65 . 7 

63 . 6 

59 . 7 

50.6 

66.1 

63.3 

64.3 

61.4 

5.4 

33 

63.2 

64.1 

55.2 

65.1 

63.0 

59.0 

50.2 

64.9 

62 . 5 

63.7 

60.6 

5.4 

34 

62.0 

61.9 

54.2 

62.0 

60.0 

56.6 

48.6 

61.5 

60.0 

61.3 

58.3 

4.9 

35 

61.9 

61.6 

53.2 

59.7 

57.9 

54.6 

47.5 

62.7 

59.4 

60.6 

57.4 

5.3 

36 

57 . 7 

57.4 

49.7 

55.5 

53.9 

49.8 

44.0 

57.9 

55.1 

56.1 

53.2 

5.0 

37 

55.0 

55.4 

47.0 

52.8 

50.3 

46.4 

41.8 

56.3 

52.7 

53.2 

50.6 

5.2 

38 

54 . 2 

56.0 

46.1 

50 . 7 

48.6 

45.2 

40.5 

56.1 

52.3 

52.2 

49.7 

5.6 

39 

55.9 

59.2 

45.8 

43.9 

46.3 

44.5 

39.5 

59 . 9 

54.8 

53.7 

50.0 

7.5 

40 

38 . 7 

41  .0 

32.6 

35 . 7 

34.4 

31 . 1 

26.9 

40.6 

37.2 

34.7 

35.1 

4.9 

AL 

75.0 

74.0 

67.7 

75.3 

73.6 

68.7 

60.7 

75.1 

73.0 

73.0 

71.3 

5.2 

OASRL 

84.0 

82.7 

84.4 

86.6 

85.1 

82.4 

80.6 

84.5 

84.1 

- 

83.8 

1.8 

PNL. 

87.5 

87.1 

81.2 

88.3 

86.1 

81.7 

73.5 

87.9 

85 . 9 

- 

84.2 

5.1 

PNL.T 

89.1 

88.9 

82.0 

88.9 

86.6 

82.4 

74.2 

89.9 

87 . 6 

- 

85.2 

5.4 

LANDS  14  TO  40  -  STANDARD  1/3  OCTAVE  BANDS  25  TO  lOKHz 

*  -  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A- WEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  --  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

****  -  32  SECOND  AVERGING  TIME 


TABLE  NO.  C.7--4H.2  (REV.l) 


BOEING  VERTGL  CH-47D  HELICOPTER  (CHINOOK) 
1/3  OCTAVE  NOISE  DATA  --  STATIC  TESTS 
AS  MEASURED**** 


DUr/TCO 

6/11/84 


SITE:  4H  (SOFT)  -  300  M.  WEST  JULY  12,1983 


FLIGHT  I  DLL 

LEVELS  0  ACOUSTIC  EMM  IS  I  ON  ANGLES  OF  (DECREES) 


AVERAGE  LEVI  L 
OVER  360  DEGREES' 


BAND 

NO. 

0 

45 

90 

135 

180 

225 

270 

33  5 

ENERGY  AVE 

AK1TH 

Sid 

14 

78.0 

SOUND  PRESSURE 

78.7  83.1  76.9 

LEVEL 

76.7 

dB  re 

75.1 

20  m  i  <: 

72.3 

roPasc  r-i 

77.5 

* 

1 

78.3 

*# 

33 . 6 

#*# 

77 . 3 

Dv 

3.1 

15 

76.6 

75.9 

62.3 

71.4 

76.3 

77.2 

65.6 

68.9 

74.1 

34.7 

71.8 

5.7 

16 

68.0 

68.9 

76.3 

68.2 

67 . 6 

70.2 

65 . 5 

70.3 

70.7 

36.1 

69.4 

3 . 2 

17 

62.3 

68.3 

78.3 

70.3 

65.4 

68.8 

68.0 

73.0 

71  .9 

41 . 7 

69 . 4 

VI 7 

18 

65.2 

63 . 4 

65.4 

67.9 

66  „  9 

61.0 

64.0 

63.9 

65 . 2 

39.0 

64 .  / 

2  .  1 

19 

61 .8 

60.9 

67.4 

63.3 

63.6 

61.5 

62.3 

58.2 

63.2 

40.7 

62.4 

2 ".  7 

20 

60.8 

60.8 

69.7 

63.4 

62.8 

62.0 

64.2 

59 . 7 

64.2 

45.1 

62 . 9 

3.1 

21 

59.6 

57.6 

61.4 

62.0 

61.6 

60.3 

59 . 4 

57.4 

60.3 

44.2 

60.0 

i  .8 

22 

54.9 

54.8 

56.2 

56.9 

55.4 

55.3 

52 . 4 

52.6 

55.0 

41.6 

54.8 

1.6 

23 

50.1 

49.1 

49.2 

50.7 

48.4 

46.4 

44.0 

47.5 

48.6 

37 . 7 

48.3 

2 .0 

24 

44.9 

43.2 

44.4 

46.2 

43  .8 

41.0 

38 . 5 

39 . 0 

43.1 

34.5 

42.4 

2.8 

25 

41  .5 

41.9 

40.6 

42.4 

38 . 4 

38.2 

36.6 

34.6 

40.0 

33.4 

39 . 3 

2.8 

26 

39 . 6 

37.3 

39.0 

43.1 

37.0 

39.1 

37 . 6 

35 . 3 

39 . 1 

34.3 

38.5 

2.3 

27 

38.0 

36 . 5 

40.2 

41.9 

37.1 

40.3 

39.0 

35.6 

39.0 

35.8 

38.6 

2 . 2 

28 

40.9 

38.9 

39.3 

42.2 

38 . 5 

41.3 

39.9 

35 . 4 

39.9 

38.0 

39 . 5 

2 ."  1 

29 

45.3 

38.1 

36.5 

41.4 

40.2 

41.8 

42.0 

36.1 

41.1 

40.3 

40.2 

3.1 

30 

46.7 

36.1 

35.8 

41.0 

40.6 

43  .4 

43  .9 

34 . 6 

41.4 

43  .4 

39.8 

4.0 

31 

47.1 

37.5 

36.5 

41.0 

40.9 

41.6 

42.4 

34.4 

41.8 

42.4 

40.2 

4.0 

32 

48.3 

39.2 

37.8 

41.2 

41.5 

42.2 

42.9 

38.0 

42.8 

43.8 

43 .4 

3.4 

33 

48.4 

39.0 

37.6 

40.6 

42.0 

41.5 

42.0 

35.6 

42.5 

43.7 

40.8 

3.8 

34 

47.4 

38.9 

37.6 

39.1 

39.7 

40.3 

41.9 

.. 

42.0 

43.3 

40.7 

3 . 2 

35 

46.2 

37.8 

38.4 

38.6 

38.4 

39 . 2 

42.3 

- 

41.3 

42.5 

40.3 

..•>.1 

36 

43.9 

35.8 

36 . 7 

36.4 

36.6 

37.3 

39.9 

39 . 3. 

40.3 

38.1 

2.9 

37 

42.1 

34.9 

33.5 

33.6 

34.4 

37.5 

- 

37.3 

37.8 

36 . 0 

3.3 

38 

48.5 

46.3 

35.3 

34.3 

— 

36.3 

39.7 

- 

43.5 

43.4 

40.3 

6.0 

39 

37.0 

32.3 

27.4 

27.8 

— 

30.7 

33.2 

-- 

32.7 

31  .6 

31.4 

3.6 

40 

27.0 

21.1 

■■ 

24.9 

25.0 

22.5 

24.3 

3.0 

AL 

58.3 

53.0 

55.8 

54.4 

53 . 7 

53.8 

54.3 

51.3 

54.9 

54.9 

54.3 

2 . 1 

OASF'L 

81.0 

81.2 

85.2 

79.7 

80.4 

80.4 

75.9 

80.0 

81.2 

- 

80 . 5 

2 .  S 

PNL 

72.2 

68.4 

71.7 

68.8 

67.8 

67.6 

68.8 

66.3 

69.5 

- 

63.9 

2.0 

PNLT 

73.7 

70.5 

72.6 

69.4 

68.6 

6E .  2 

69.5 

68 . 5 

70.9 

- 

/O.  1 

2.0 

BANDS 

14  TO 

40  -  STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

10KH-^ 

*  --  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  --  A-WEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  -  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES' 


****  -  32  SECOND  AVERGING  TIME 


BITE:  4H 


TAE'.LL  NO.  C.7-4H.3  (filV.L) 
iiOCING  VERTOL  CH--47D  HELICOPTER  (CHINOOK) 
1/3  OCTAVE  NOISE  DATA  --  STATIC  TESTS 
AS  MEASURED**** 


(SOI  T  ' 


300  M.  WEST 


DO  1/ I  SC 
6/1 1/84 


JULY  12,1903 


BAND 

NO. 


GROUND  I  DLL***** 

LEVELS  (?  ACOUSTIC  EMMISION  ANGLES  OF  (DEGREES) 


0  45  90  135 

SOUND  PRESSURE 


180 


n n 


270 


315 


_EVEL  dP  re  20  microPasc 


14 

48.4 

53.0 

52 . 3 

15 

49.3 

53.1 

57.2 

16 

52 . 5 

58.0 

55.4 

17 

50.3 

56.1 

50 , 4 

18 

50 . 5 

58.9 

53.0 

19 

52.5 

58.4 

55.9 

20 

50 . 6 

56.9 

53.8 

21 

49.1 

54.7 

51.0 

- in 

42.6 

48.6 

43.7 

23 

37.4 

42.8 

41.2 

24 

36. 1 

40.3 

38 . 3 

25 

35.1 

37.0 

35.0 

26 

34 . 8 

37 . 5 

37 . 3 

27 

36 . 1 

37.1 

36 . 3 

28 

34.8 

37 . 2 

34.9 

2'? 

35 . 2 

32.6 

56.6 

30 

37 . 5 

32.4 

34.9 

31 

38.5 

33.5 

35 . 5 

32 

38.1 

31  .5 

34 . 3 

33 

42.0 

34.3 

36.2 

34 

40.7 

34.5 

36 . 7 

35 

39.9 

34.6 

36.8 

36 

38 . 4 

33 . 3 

34.2 

37 

39.9 

38.7 

33 . 2 

38 

34.8 

31.4 

30.6 

39 

32.0 

28.1 

26.5 

40 

29 . 7 

21.0 

19.9 

AL 

50.5 

48.2 

47.6 

OASPL 

60.3 

65.9 

63 . 4 

PNL 

64.0 

62.3 

61.7 

BNLT 

65 . 0 

65 . 0 

62 . 1 

54 . 5 

49.0 

50 . 8 

50 . 1 

50 . 1 

56 . 2 

52 . 9 

54.0 

53.3 

51.9 

60.7 

53.9 

54 . 4 

52 . 9 

50.5 

57.3 

51.8 

54.0 

53.4 

49.5 

60.7 

54.7 

55 . 1 

55 . 5 

51  .5 

60.5 

55 . 2 

56.3 

56.0 

52 . 1 

59.9 

55 . 2 

55 . 7 

53 . 7 

51.3 

57 . 3 

52 . 2 

55.3 

50.4 

49.3 

51.0 

46.6 

47.5 

44.5 

43.3 

45.7 

41.5 

40.7 

38.9 

39.2 

43.9 

38  2 

39 . 9 

34.1 

36.3 

43.1 

36.8 

37.3 

34.9 

33.9 

42.  <7 

36 . 3 

36 . 3 

35 . 3 

33 . 9 

42.6 

36.3 

37 . 7 

34.7 

34.9 

41.6 

36.8 

39 . 4 

34 . 8 

34.5 

36.8 

35 . 7 

39.2 

33.8 

33.3 

35.5 

35 . 2 

39 . 7 

33.0 

32.4 

35.4 

36.2 

40.4 

32.4 

33.0 

34 . 2 

35.4 

38.5 

31.9 

31.9 

35.1 

36.8 

40.6 

35.0 

34.7 

35 . 3 

36 . 5 

40.4 

34 . 4 

34 . 3 

34.9 

35.8 

39 . 5 

34.3 

33.9 

32 . 8 

33 . 6 

37.8 

31.6 

31.6 

31.0 

32.4 

36.4 

31 .0 

36.7 

28 . 5 

30 . 6 

34.3 

28.5 

29.6 

24.4 

27.2 

30.9 

28.o 

28.1 

19.0 

20.1 

24.1 

21.5 

" 

50.4 

47.9 

51.1 

46.1 

45.9 

68.1 

62.8 

64.1 

62.8 

60.2 

64.2 

61.7 

64.9 

59.9 

60.0 

64.6 

61.9 

65 . 3 

60 . 5 

62.0 

AVERAGE  LEVEL 
OVER  360  DEGREES 


ENERGY 

AVL 

AK1TH 

Std 

* 

| 

** 

*** 

Dv 

51.5 

6.8 

51.0 

2.1 

54.1 

14.7 

53.5 

2.3 

56 . 0 

21.4 

54 . 8 

3.2 

53.7 

23.5 

52.8 

2.8 

56.3 

30 . 1 

55.0 

3.5 

56.7 

34.2 

55 . 9 

2.8 

55.6 

36 . 5 

54 . 6 

3.0 

53.4 

37.3 

52.4 

3.0 

46.9 

33.5 

46.0 

2.9 

41.6 

30 . 7 

40. y 

2.6 

39.4 

30.8 

38.4 

3.0 

37.7 

31.1 

36.6 

2.9 

37 . 8 

33 .  o 

36.0 

2.8 

37.8 

34.6 

37.0 

1*  .5 

37 . 5 

35 . 6 

36 . 7 

2.6 

35 . 9 

35.1 

35.4 

n  m  2 

35.8 

35.8 

35. 1 

2.6 

36.4 

37.0 

35.6 

2.8 

35.3 

36.3 

34 . 5 

2.7 

37.8 

39.0 

36.8 

2 . 9 

37.4 

38.7 

36 . 6 

2.6 

36.8 

38.0 

36.2 

2.3 

34.9 

35.9 

34.2 

2 . 6 

36.1 

36.6 

34.9 

3.5 

31.7 

31.6 

31.0 

2.4 

28.8 

27.7 

28.2 

2.4 

23.9 

21.4 

-1?  .  ^ 

3.7 

48 . 9 

48.8 

43.5 

2.0 

64.2 

- 

63.4 

2.7 

62.9 

~ 

62.4 

1  .9 

63 . 8 

63 . 3 

1  .9 

25  TO 

lOKMz 

* 

** 

•«** 


BANDS  14  TO  40  -  STANDARD  1/3  OCTAVE  BANDS 

UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 
A-WEIGHTFD  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 
UNWF IGHTFD  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREE 


****  -  32  SECOND  AVERGING  TIME 


**«**--  TABULATED  LEVELS  ARE  CONTAMINATED  BY  LOCAL  AMBIENT 


TABLE  NO.  C.7-4H.4  (REV.i) 


DOT/TSC 

6/11/84 


BOLING  VLRTOL  CH-470  HELICOPTER  (CHINOOK) 

1/3  OCTAVE  NOISE  DATA  --  STATIC  TESTS 
AS  MEASURED**** 

SITE:  4H  (SOFT)  -  300  M.  WEST  JULY  12,1983 


BAND 

NO. 


HOVER-OUT-OF- GROUND-EFFECT 
LEVELS  0  ACOUSTIC  FMMISION  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL 
OVER  360  DEGREES 


0  45  90  135  180  225  270  315  ENERGY  AVE  ARITH  Std 

*  ##  #**  Dv 

SOUND  PRESSURE  LEVEL,  dB  re  20  m  icroPascn  I 


14 

81.5 

82.0 

76.8 

79.9 

82.8 

76.8 

81.8 

76.7 

80.4 

35.7 

79.8 

2.6 

15 

67.1 

80.6 

69.7 

83.0 

69.1 

76.2 

65.7 

72.4 

77.0 

37.6 

73.0 

6.4 

16 

64 . 5 

72.2 

78 . 9 

74.4 

70.9 

73.4 

75.9 

73 . 5 

74.4 

39.8 

73.0 

4.2 

17 

65.4 

73.5 

79.9 

76.6 

73.0 

7  7.7 

75.3 

73.4 

75.8 

45.6 

74.3 

4.3 

1  8 

70.7 

75.7 

79.3 

75.8 

78.9 

77.7 

75.2 

73.7 

76.6 

50.4 

75.9 

2.8 

19 

69.5 

74.9 

78.6 

78.0 

76.8 

72.5 

75.0 

70.0 

75.5 

53.0 

74.4 

3.5 

20 

67.5 

76.6 

80.2 

76.0 

74.7 

74.7 

74.6 

70.7 

75.7 

56.6 

74.4 

r  8 

21 

70.7 

78.6 

78.4 

76.1 

76.2 

75.2 

75.5 

71.0 

76.0 

59.9 

75.2 

3.0 

22 

68 . 7 

78.5 

77.6 

75.3 

74.7 

72.7 

71.0 

71.1 

74.8 

61.4 

73.7 

3.4 

23 

66.2 

76.4 

74.3 

73.5 

72.3 

71.8 

69.8 

67.2 

72.6 

61.7 

71.4 

3.5 

24 

64.4 

93.1 

70.0 

70.8 

69.3 

69.8 

65 . 7 

64.8 

69.4 

60.8 

68.5 

3.1 

25 

62.8 

68.0 

66.0 

68.8 

66.9 

69.0 

65.1 

63.3 

66.8 

60.2 

66.2 

2.4 

26 

63.4 

66.9 

67.9 

63.0 

66.5 

69.9 

64.5 

63.4 

66.9 

62.1 

66.3 

2.4 

27 

63.9 

67.8 

68.7 

70.1 

67.3 

73.2 

67.6 

65.3 

68.9 

65.7 

68.0 

2.8 

28 

63.6 

67.8 

70.9 

69.9 

67.9 

71.2 

69.0 

66.3 

68.9 

67.0 

68.3 

2.5 

29 

64.6 

70.8 

71.3 

71.5 

66.8 

71.0 

69.1 

66.5 

69.7 

68.9 

69.0 

2.7 

30 

62.8 

68.1 

69.5 

68.2 

64.1 

67.5 

66.4 

64.3 

66.9 

66.9 

6o .  4 

2.4 

31 

59.3 

67.3 

65.8 

64.1 

60.2 

62.8 

61.5 

63.3 

63.8 

64.4 

63.0 

2.7 

32 

58 . 3 

63.4 

61.8 

61.6 

59.2 

62.2 

61.8 

62.9 

61.7 

62.7 

61.4 

1.8 

33 

60.5 

66.4 

64.8 

63.2 

62.6 

63.3 

63.1 

63.3 

63.7 

64.9 

63.4 

1.7 

34 

58.1 

64.0 

6'’  „  8 

60.4 

58.1 

60.3 

60.4 

60.3 

61.0 

62.3 

60 . 5 

2.0 

35 

57.2 

63.3 

60 . 5 

58.7 

55.9 

59.1 

60.0 

61.3 

60.1 

61.3 

59.6 

2.4 

36 

53.0 

59.2 

56.9 

54.  B 

53 . 2 

55.2 

55 . 6 

57.2 

56.1 

57.1 

55.6 

2.1 

37 

50.9 

58.0 

54.3 

51.5 

48.6 

52 . 6 

53.7 

56.2 

54.1 

54.6 

53.2 

3.0 

38 

49.8 

57 . 3 

52.9 

50.1 

47.1 

51.0 

52.0 

55.7 

53.1 

53.0 

52.0 

3.3 

39 

49.9 

57.3 

51.5 

47.1 

43.1 

48.9 

50.9 

57.2 

52.9 

51.8 

50.7 

4.8 

40 

34 . 3 

40.8 

37.6 

35.8 

32.2 

36.3 

37.3 

39.  t 

37.5 

35.0 

36.7 

2.8 

AL 

71  .3 

77.9 

77.9 

77.1 

74.5 

77.4 

75.3 

74.3 

76.2 

76.2 

75.8 

2.2 

OASPL 

83 . 5 

88.4 

88.6 

88.3 

87.1 

86.3 

86.3 

83.4 

86.9 

- 

86.5 

2.1 

PNL 

84.7 

91.4 

90.8 

89.3 

37.6 

89.6 

33.1 

88.0 

89.1 

— 

88.7 

2.1 

PNLT 

85 . 5 

92.3 

91  .7 

89.8 

88.9 

90.5 

88.7 

89.6 

90.0 

-* 

89.6 

2.1 

BANDS 

14  TO 

40  -  1 

STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

lOKHz 

*  -  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A-UE I GHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  -  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  0  )ER  360  DEGREES 


**** 


32  SECOND  AVERGING  TIME 


TABLE  NO.  C.7-5H.1  tRE'V.l) 
BOEING  VERTOL  CH-47D  HELICOPTER  (CHINOOK) 
1/3  UCTAVE  NOISE  DATA  —  STATIC  TESTS 
AS  MEASURED**** 


DQT/TSC 
6/1  1/84 


SITE:  5H 


(HARD)  -  150  M.  NORTH 


JULY  12,1983 


HOVER-  I  N-6R0UND--EFTECT 

LEVELS  0  ACOUSTIC  EMM  I  SION  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL 
OVER  360  DEGREES 


BAND 


NO. 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY  AVE 

ARITH 

Std 

* 

** 

*»# 

Dv 

SOUND  PRESSURE 

LEVEL 

d&  re 

20  m i croPaeCdl 

14 

86.3 

87.9 

82.6 

86.1 

86.9 

84.1 

84.8 

85.2 

85.8 

41.1 

85.5 

1.7 

15 

80.0 

86.6 

76.4 

86.6 

80.1 

79.0 

74.9 

76.1 

82.1 

42 . 7 

80.0 

4.5 

16 

72.9 

78.7 

81.8 

80.2 

73.3 

72.9 

70.7 

71.5 

77.2 

42.6 

75.2 

4.3 

17 

73.6 

79.1 

86.7 

83.1 

74.3 

76.4 

73.3 

74.0 

80.5 

50.3 

77.6 

5.0 

18 

78.9 

82.5 

81.9 

82.2 

79.0 

77.7 

72.5 

74.5 

79.8 

53.6 

78.6 

3.7 

19 

80.4 

83.0 

79.9 

79.6 

78.6 

75.5 

69.1 

74.6 

79.1 

56.6 

77.6 

4.4 

20 

77.4 

83.4 

81.4 

80.4 

77.9 

77.9 

71.1 

77.0 

79.5 

60.4 

78.3 

3.7 

21 

78.8 

84.2 

30.3 

80.1 

75.8 

77.3 

70.2 

76.8 

79.4 

63.3 

77.9 

4.1 

22 

76.7 

83.5 

77.9 

79.3 

74.5 

76.5 

70.9 

74.4 

78.2 

64.8 

76.7 

3.7 

23 

75.4 

83.7 

77.2 

78.3 

74.0 

76.9 

70.6 

73.6 

77.9 

67.0 

76.2 

3.9 

24 

74.6 

82.9 

73.7 

76.3 

72.7 

75.8 

70.3 

72 . 4 

76.7 

68.1 

74.8 

3.8 

25 

74.1 

79.1 

71.4 

75.4 

71.5 

74.7 

69.2 

70.6 

74.4 

67.8 

73.2 

3.2 

26 

72 . 5 

78.0 

68.9 

73.6 

70.0 

73.2 

66.7 

69.2 

72.9 

68.1 

71.5 

3.5 

27 

70.3 

80.9 

69.6 

72.5 

69.8 

73.0 

67.5 

69.6 

74.1 

70.9 

71.6 

4.1 

28 

68.4 

76.3 

68.1 

72.1 

68.9 

71.4 

66.1 

68.5 

71.2 

69.3 

70.0 

3.2 

29 

65.5 

73.6 

65.7 

70.2 

67.1 

69.2 

64.6 

66.3 

68.9 

68.1 

67.8 

3.0 

30 

63.7 

71.3 

64.0 

68.2 

65.5 

66.9 

62.7 

64.7 

66.8 

66.8 

65.9 

2.8 

31 

62.4 

70.0 

61.1 

65.6 

63.5 

64.5 

60.2 

63.7 

65.0 

65.6 

63.9 

3.0 

32 

62.5 

68.1 

59.1 

63.6 

62.3 

63.0 

59.4 

63.2 

63.5 

64.5 

62.6 

2.8 

33 

61.7 

65.2 

57.5 

63.0 

62.0 

62.0 

58.3 

61.1 

61.9 

63.1 

61.3 

2.5 

34 

60.2 

62.7 

55 . 6 

61.4 

60.5 

60.6 

56.9 

59.2 

60.1 

61.4 

59.6 

2.3 

35 

60.3 

61.4 

54.4 

59.8 

59.2 

59.4 

56.3 

60.0 

59.3 

60.5 

58.8 

2.3 

36 

59.2 

59.8 

53.2 

58.4 

58.0 

57.8 

55.1 

58.0 

57.8 

58.8 

57.4 

-t  H 

37 

58.9 

59.1 

52.4 

57.6 

56.9 

56.9 

54.7 

58.0 

57.2 

57.7 

56.8 

2".  3 

30 

59.9 

60.3 

51.9 

56.7 

56.0 

55.9 

54.1 

59.3 

57.6 

57.5 

56.8 

2.9 

39 

65.2 

66.2 

54.8 

58.0 

56.4 

56.7 

56.7 

65.8 

62.3 

61.2 

60.0 

4.9 

40 

51.2 

50.9 

45.5 

50.3 

49.7 

49.4 

47.1 

50.3 

49.6 

47.1 

49.3 

2.0 

AL 

77.3 

84.2 

76.1 

79.3 

76.4 

78.4 

73.5 

76.4 

78.9 

78.9 

77.7 

3.1 

OASPL 

90.3 

94.9 

91.8 

92.9 

90.1 

89.3 

86.8 

88.4 

91.3 

- 

90.6 

2.6 

PNL 

91 .3 

97.3 

90.9 

93.1 

89.9 

91.5 

86.4 

90.0 

92.6 

— 

91.3 

3.1 

F'NLT 

92.  V 

99.1 

91.9 

93.8 

90.5 

92.2 

87.4 

91.9 

94.0 

- 

92.5 

3.3 

BANDS 

14  TO 

40  - 

STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

lOKHs 

*  --  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A~WE I GHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  ~  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 


****  _  32  SECOND  AVERGING  TIME 


TABLE  NO 


C.7-5H.2  (REV.l) 


BOEING  VtRTOl.  CH-47D  HELICOPTER  (CHINOOK) 
1/3  OCTAVE  NOISE  DA  I A  —  STATIC  TESTS 
AS  MEASURED**** 


DOT/TSC 
S/1 1 /84 


SITE:  5H  (HARD)  -  150  M.  NORTH  JULY  12,1983 


FLIGHT  I  DLL 

L  LUCES  0  ACOUSTIC  EMMISION  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL 
OVER  360  DEGREES 


BAND 


NO. 

0 

45 

90 

1  35 

180 

270 

315 

ENERGY  AVI 

AR1TH 

* 

¥*•* 

SOUND  PRE 

SSURE 

LEVEt 

(ID  re 

20  m  i  cr  oP<-i<=,Cii 

I 

3  4 

83 . 2 

84 . 6 

87.7 

81  .8 

83 . 0 

83 . 9 

77 . 9 

83.1 

83 . 9 

39.2 

83 . 1 

3  5 

80.0 

80.7 

72.2 

66 . 1 

80.2 

77.9 

75.7 

71.6 

77.6 

38.2 

75 . 5 

16 

71.5 

73.8 

79.0 

71.9 

71.4 

75.9 

72.0 

73.1 

74.4 

39.8 

7  3 .  t> 

17 

71  .9 

75.8 

83.6 

77.3 

68.7 

79.5 

75 . 5 

77.3 

78.1 

47.9 

76.2 

18 

72.6 

73.3 

73.7 

76.6 

70.1 

71.2 

74.0 

71.2 

73.3 

47.1 

72.8 

19 

67.9 

71.7 

74.0 

73.2 

66.1 

70.6 

71.0 

68.0 

71.0 

48.5 

70.3 

20 

69 . 7 

72.5 

76.6 

74.6 

66.0 

72 . 1 

73.2 

69 . 6 

72.8 

53.7 

71.8 

21 

71.0 

72.7 

76.5 

75.4 

66.1 

73.7 

73.1 

70.6 

73.3 

57 . 2 

72.4 

-)  n 

70.8 

73.9 

74.8 

75.2 

65.9 

73.8 

73.1 

69.9 

73.0 

59 . 6 

72 . 2 

23 

70.3 

73.5 

74.0 

74.6 

65.9 

73.3 

72.9 

69.4 

72.5 

61.6 

71.0 

24 

68 . 7 

69 . 8 

72.7 

72.7 

65 . 8 

71.8 

71.3 

67.8 

70.6 

62.0 

70.1 

25 

67 . 1 

69.0 

69.9 

70.3 

64.9 

70.0 

69 . 7 

66.3 

68.8 

62.2 

68.4 

26 

66 . 1 

68.0 

68 . 5 

71.3 

64.8 

69.7 

68.8 

65 . 5 

68.3 

63 . 5 

67 . 8 

2  7 

65.0 

64.2 

69 . 3 

71.2 

64.7 

69.0 

69.0 

65 . 6 

68 . 0 

64.8 

67 . 2 

28 

63.5 

63.6 

67.0 

69.0 

64.0 

67.9 

67 . 6 

64.8 

66.4 

64.5 

6C  .9 

29 

61.7 

61.5 

66.5 

68.3 

63.5 

67.1 

65.4 

63.4 

65.3 

64.5 

64.7 

30 

60 . 2 

59.4 

64.1 

66 . 2 

61.7 

65 . 6 

63.6 

61  .6 

63 . 4 

63 . 4 

62.8 

31 

59.1 

58 . 3 

62.9 

64.9 

60.7 

64.3 

62.1 

59-/ 

62.2 

62  .  a 

61.6 

32 

59 . 3 

58.7 

62.2 

64.5 

59.0 

65.1 

62 . 1 

60 . 2 

92 . 0 

63.0 

61.4 

33 

58.1 

58.2 

59 . 9 

63.9 

57.9 

64.0 

60.6 

58.9 

60.9 

62 . 1 

60.2 

34 

57 . 5 

57 . 3 

59.0 

63.0 

56 . 2 

63 . 2 

60 . 1 

5  7 , 3 

60.0 
59 . 4 

ol.3 

59.2 

35 

57.1 

56.8 

58.0 

62 . 7 

55.2 

62.3 

5'? .  5 

57.2 

60.6 

53.6 

36 

57 . 4 

56.9 

56.9 

62.0 

54.7 

61  .2 

58.3 

57 . 2 

58 . 7 

59.7 

58. 1 

37 

56.8 

57.5 

56.2 

60.7 

53.1 

59.8 

56.9 

56 . 9 

57.8 

58 . 3 

57.2 

38 

63 . 6 

68.2 

59 . 0 

60 . 3 

53 . 5 

59 . 5 

58 . 9 

65 . 2 

63 . 0 

62.9 

61.0 

39 

54.4 

56.8 

53.6 

56.9 

50.4 

56 . 3 

53.  / 

54  .  i 

54.9 

53.3 

54.5 

40 

48.4 

49.7 

49.4 

52 . 3 

44.8 

51 .7 

48.7 

47.3 

49.6 

47.1 

49.0 

At. 

72.7 

74.1 

75.5 

77.5 

71.6 

76.7 

75 . 2 

73.2 

75.0 

75 . 0 

74.6 

OASPL 

86.4 

88.0 

90 . 7 

87.1 

85 . 8 

87.9 

85 . 2 

85 . 8 

87.5 

- 

87.1 

RNI. 

87.5 

90.0 

89.4 

91.2 

84.0 

90 . 4 

88.5 

38 . 2 

89 . 0 

- 

88 . 6 

PNL  T 

88.9 

91.8 

90.1 

91.5 

84.4 

90.5 

89.1 

89 . 8 

90.1 

— 

89.5 

BANDS 

14  TO 

40  -  1 

STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

10KH2 

*  -  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A- WEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  -  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 


***» 


32  SECOND  AVERGING  TIME 


.■»  I- J  C."  GJ  C.T  C.’’  U!  C."  6!  >  J  vj  *  J  O  C.n  >-*  C  J  00  O  LH  "vl  N)  '.J 


GROUND  IDLE. 

LEVELS  8  ACOUSTIC  EMM1SION  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL 
OVER  360  DEGREES 


BAND 


NO. 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY  AVE 

ARITH 

Std 

* 

*« 

##* 

Dv 

SOUND  PRESSURE 

LEVEL 

dS  re 

20  microPasco! 

14 

48.9 

52.0 

59.0 

46.0 

51.4 

56.8 

56.5 

55.3 

54.9 

10.2 

53.2 

4.4 

15 

51  .5 

52.9 

66.2 

48.5 

54.5 

58.5 

61.2 

57.9 

59.7 

20.3 

56.4 

5.7 

16 

52.8 

56.5 

62.7 

51.1 

57.4 

58.1 

58.1 

55.3 

57.8 

23.2 

56 . 5 

3.6 

17 

54.6 

54.8 

62.5 

48.2 

55.6 

59.5 

59.6 

55.2 

57.9 

27.7 

56.2 

4.3 

18 

55.5 

58.2 

62 . 2 

51.0 

58.7 

61.4 

61.6 

58.2 

59.4 

33.2 

58.3 

3.7 

19 

56.7 

59.7 

63.7 

51 .0 

60.5 

65.1 

64.5 

60.2 

61.8 

39.3 

60.2 

4.7 

20 

57.0 

59.9 

65.4 

49.9 

59.7 

64.8 

64.5 

61.2 

62.2 

43.1 

60.3 

5.1 

21 

58.4 

60.7 

65.4 

50.0 

60.5 

65.3 

65.3 

62.6 

62.8 

46.7 

61.0 

5.2 

22 

56.5 

57.8 

63.8 

51.1 

57.6 

64.8 

64.1 

59.7 

61.3 

47.9 

59 . 4 

4.7 

23 

54.6 

56.1 

61.1 

48.9 

56.9 

63.4 

63.6 

58.2 

59.8 

48.9 

57.8 

4.9 

24 

54.1 

56.4 

60.2 

48.7 

57.2 

62.7 

62.6 

58.3 

59 . 2 

50.6 

57 . 5 

4.6 

25 

53.9 

57.2 

60.2 

52 . 2 

58.1 

64.3 

63.4 

58.6 

60.1 

53.5 

58.5 

4.2 

26 

52.8 

56.3 

59.2 

51.1 

56.9 

64.2 

60.9 

56.7 

59.0 

54.2 

57 . 3 

4.2 

27 

52.4 

54.9 

58.0 

47.3 

56.8 

62.2 

59.8 

55.9 

57.6 

54.4 

55.9 

4.6 

28 

51.7 

55.0 

58.1 

49.3 

56.7 

62.6 

60.7 

55.3 

58.0 

56.1 

56 . 2 

4.4 

ntp 

50.7 

53.2 

56.3 

60.4 

56.6 

62.5 

60.6 

54.2 

58.4 

57.6 

56.8 

4.1 

30 

51.7 

54.2 

55 . 5 

59.1 

56 . 2 

62.5 

59.9 

56.0 

58.1 

58.1 

56.<? 

3.4 

31 

51.4 

55.8 

55.7 

60.9 

57.6 

63.3 

59.3 

56.4 

58.8 

59.4 

57.5 

3.6 

32 

50.4 

53.1 

54.7 

58.9 

57.1 

62.8 

59.1 

54.7 

57.9 

58.9 

56.3 

3.9 

33 

53.1 

57.4 

55.8 

60.3 

57.5 

63.5 

60.7 

57.7 

59.3 

60.5 

58.2 

3.2 

34 

52.7 

56.0 

55 . 5 

60.8 

57.2 

63.9 

61.0 

58.9 

59 . 5 

60 . 8 

58 . 2 

3.6 

35 

52.5 

55.7 

55.2 

59.4 

56.4 

63.1 

61.4 

58.8 

59.0 

60.2 

57.8 

3.5 

36 

52.9 

56.6 

54.6 

58.1 

55.7 

62.4 

60.5 

58.9 

58.4 

59.4 

57 . 5 

3.1 

37 

57.2 

63.8 

56.5 

56.7 

55.3 

62.2 

61.4 

65.1 

61.2 

61 . 7 

59.8 

3.8 

38 

51.6 

56.6 

52.7 

53.8 

52 . 8 

59.5 

58.1 

57.0 

56.3 

56.0 

55.3 

2.9 

39 

52.7 

56.5 

51.0 

51.6 

51 .7 

57.4 

56.4 

56.3 

54.9 

53.8 

54.2 

2.7 

40 

55.3 

51.8 

47.0 

49.4 

46.3 

53.5 

51.5 

51.6 

51.7 

49.2 

50 . 8 

3.1 

AL 

64.8 

68.9 

67.7 

70.1 

68.0 

74.3 

72.0 

70.3 

70.3 

70.3 

69.5 

2 . 9 

OASPL 

68.4 

71.5 

74.9 

70.0 

71.3 

76.9 

75.7 

72 . 8 

73.6 

— 

72.7 

2.9 

PNL 

79.7 

84.3 

81.9 

82.6 

81.6 

88.1 

86.3 

85.7 

84.6 

- 

83.8 

2.8 

PNLT 

81.3 

86.7 

82.9 

84.2 

81.9 

88.4 

86.8 

88.1 

85.9 

— 

85.0 

2.8 

BANDS 

14  TO 

40  - 

STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

lOKHz 

*  -  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

**  -  A--WE I GHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  -  UNWEIGHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

****  ..  -S2  SECOND  AVERGING  TIME 


TABLE  NO 


C.7-5H.4  ( REV .  1 ) 


DOT/TSC 

6/11/84 


L'.OCING  VERTGL  CH-47D  HEL  I  COP  TER  (CHINOOK) 
1/3  OCTAVE  NOISE  DATA  --  STATIC  TESTS 
AS  MEASURED#*** 


SITE:  5H 


(HARD)  -  150  M.  NORTH 


JULY  12,1983 


HOVER-OUT-OF-GRGUND~Ef  F'ECT 
LEVELS  (?  ACOUSTIC  EMMIS10N  ANGLES  OF  (DEGREES) 


AVERAGE  LEVEL 
OVER  360  DEGREES 


BAND 

NO. 

0 

45 

90 

135 

180 

225 

270 

315 

ENERGY  AVE 

ARITH 

14 

93.3 

SOUND  PRESSURE 

88.3  77.9  85.5 

LEVEL 

95.5 

dB  re 

82.0 

# 

20  m  i  croPascij! 

84.0  90.1 

#* 

45.4 

#** 

86.6 

15 

78.7 

82.0 

79.3 

88.7 

84.2 

87.3 

- 

83.8 

84.8 

45.4 

83.4 

16 

74.6 

77.2 

91.3 

88.5 

84.3 

78.6 

— 

79.2 

85.6 

51.0 

82.0 

17 

77.9 

82.6 

94.5 

91.4 

87.4 

80.7 

-- 

31.4 

88.7 

58.5 

85.1 

18 

87.2 

86.3 

91.6 

94.1 

91.1 

82.8 

— 

83.9 

39.8 

63.6 

88.1 

19 

83.5 

87.8 

92.1 

88.5 

86.4 

82.4 

— 

80.6 

87.4 

64.9 

85.9 

20 

82.0 

89.8 

94.3 

90.2 

90.1 

80.0 

- 

83.2 

89.5 

70.4 

87.1 

21 

81  .9 

92.1 

93.0 

88.2 

91.4 

83.5 

— 

84.4 

89.6 

73.5 

87.8 

22 

80.4 

91.0 

92.5 

84.6 

87.8 

81.5 

- 

83.5 

88.0 

74.6 

85.9 

23 

81.1 

90.1 

90.6 

85.5 

86.6 

81.4 

— 

32.6 

86.9 

76.0 

85.4 

24 

79.4 

85.0 

82.8 

84.7 

82.0 

78.7 

79.0 

82.3 

73.7 

81.7 

25 

75.1 

76.2 

79.2 

80.6 

78.7 

75.1 

- 

75.2 

77.7 

71.1 

77.2 

26 

75 . 5 

78.9 

74.5 

76.6 

74.2 

72.0 

— 

73.8 

75.6 

70.8 

75.1 

27 

76.4 

84.6 

73.7 

79.8 

78.2 

76.1 

— 

77.3 

79.4 

76.2 

78.0 

28 

77 . 6 

82.7 

76.4 

80.9 

79.8 

77.9 

— 

77.8 

79.5 

77.6 

79.0 

29 

75.4 

73 . 7 

76.4 

81.7 

78.7 

78.2 

- 

78.0 

78.6 

77-8 

73.2 

30 

?1.6 

77.0 

74.2 

79.8 

75.4 

75.5 

— 

75.5 

76.2 

76.2 

75.6 

31 

72.8 

79.8 

?2.9 

77.5 

73.0 

74.1 

- 

74.8 

75.8 

76-4 

75.0 

32 

71.7 

76.8 

72.5 

75 . 4 

71.6 

72.9 

- 

76.5 

74.4 

75.4 

73.9 

33 

71  .5 

77.2 

72.4 

75.3 

71.3 

71.8 

- 

73.8 

74.0 

75.2 

73.4 

34 

69.6 

73.8 

70.3 

74.1 

69.4 

70.1 

- 

71.8 

71.7 

73.0 

71.3 

35 

69.3 

73.8 

69.9 

72.7 

69.1 

69.9 

— 

/4 . 3 

71.8 

73.0 

71.3 

36 

67 . 3 

72.0 

68 . 1 

70.1 

67.5 

67.7 

71.8 

69.6 

70.6 

69.2 

37 

66.9 

71.7 

67.2 

68.8 

65.4 

66.5 

— 

72.2 

69.1 

69.6 

68.4 

38 

66.4 

71.7 

67 . 1 

67.8 

63.6 

65.3 

— 

72.2 

68.8 

68.7 

67.7 

39 

69.5 

74.3 

69.8 

67.9 

63.4 

66.1 

— 

76.3 

71.6 

70.5 

69.6 

40 

58 . 4 

62.5 

58.9 

59.9 

57.3 

57.3 

62.8 

60.1 

57 . 6 

59 . 6 

AL 

84.2 

90.1 

87.4 

83.8 

86.5 

85.0 

_ 

36.3 

87.4 

87.4 

87.0 

OASPl. 

96.0 

99.2 

101.9 

100.0 

100.2 

93.6 

- 

94.1 

98.8 

- 

07. 9 

PNL 

98 . 1 

104.1 

103.3 

102.6 

101.4 

98.3 

- 

101.2 

101.9 

-- 

101.3 

PNLT 

99.3 

105.3 

104.4 

103.3 

102.0 

99.1 

“ 

102.7 

103.1 

~ 

102.3 

BANDS 

14  TO 

40  -  ' 

STANDARD  1/3 

OCTAVE 

BANDS 

25  TO 

lOKHn 

*  -  UNWEIGHTED  ENERGY  AVERAGE  OF  MEASURED  l  EVELP  OVER  360  DEGREES 

**  -  A--WE I GHTED  ENERGY  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

***  -  UNWF I GHTED  ARITHMETIC  AVERAGE  OF  MEASURED  LEVELS  OVER  360  DEGREES 

****  -  32  SECOND  AVERRING  TIME 


Std 

Dv 
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APPENDIX.  D 


Direct  Read  Acoustical  Data  for  Static  Operations 


This  appendix  contains  time  averaged,  A-weighted  sound  level  data  (Leq 
values)  obtained  using  direct  read  Precision  Integrating  Sound  Level 
meters.  Data  are  presented  for  microphone  locations  5H,  2,  and  4  (see 
Figure  3.3). 

A  description  of  the  measurement  systems  is  provided  in  Section  5.6.2,  and 
a  figure  of  the  typical  PISLM  system  is  shown  in  Figure  5.4.  Data  are 
shown  in  Table  D-l,  depicting  the  equivalent  sound  levels  tor  eight 
different  source  emission  angles.  In  each  case  the  angle  is  indexed  to 
the  specific  measurement  site.  A  figure  showing  the  emission  angle 
convention  is  included  in  the  text  (Figure  6.1).  In  each  case,  the  Leq 
(or  time  averaged  AL)  represents  an  average  over  a  sample  period  of 
approximately  60  seconds. 

Quantities  appearing  in  this  appendix  include: 


HIGE 

Hover-in-ground-effect,  skid  height  5  feet  above 
ground  level 

HOGE 

Hover-out-of-ground-effect,  skid  height  30  feet 
above  ground  level 

Flight 

Idle 

Skids  on  ground 

Ground 

Idle 

Skids  on  ground 

TABLE  D.l 


STATIC  OPERATIONS 
DIRECT  READ  DATA 

(ALL  VALUES  A-UEIGKTED  LEO,  EXPRESSED  IN  DECIBLES) 


BOE1NG-VERTQL  CH-47D 
7-12-83 


SITE  4H 


H16E 

FLT.1DLE 

N-90 

75.90 

N-90A 

58.80 

N-45 

76.50 

N-45A 

53.90 

N-0 

62.00 

N-OA 

56.00 

N-315 

69.20 

N-315A 

56.30 

N-270 

74.50 

N-270A 

56.60 

N-225 

77.30 

N-225A 

56.80 

M-180 

68.50 

N-180A 

57.20 

N-135 

75.30 

N-135A 

55.50 

SITE  2 


H1GE 

FLT.IDLE 

N-90 

76.60 

N-90A 

70.80 

N-45 

77.50 

N-45A 

72.80 

N-0 

67.20 

N-OA 

69.90 

N-315 

77.60 

N-315A 

73.40 

N-270 

77.70 

N-270A 

71.10 

N-225 

80.80 

N-225A 

70.80 

N-180 

73.90 

N-180A 

70.50 

N-135 

84.80 

N-135A 

70.20 

SITE  5H 


H1GE 

FLT.IDLE 

M-90 

NA 

N-90A 

76.30 

N-45 

85.10 

N-45A 

75.50 

N-0 

78.00 

N-OA 

78.60 

N-315 

77.70 

N-315A 

74.30 

N-270 

75.10 

N-270A 

75.00 

N-225 

79.80 

N-225A 

77.10 

N-180 

76.40 

N-180A 

72.00 

N-135 

80.20 

N-135A 

78.30 

6RN.IDLE 

HOGE 

N-90B 

51.00 

0-90 

73.20 

N-45B 

47.70 

0-45 

75.90 

N-OB 

48.10 

0-0 

76.70 

N-315B 

52.00 

0-315 

78.00 

N-270B 

49.40 

0-270 

76.00 

N-225B 

49.30 

0-225 

79.00 

N-180B 

49.40 

0-180 

79.00 

N-135B 

4B.50 

0-135 

78.70 

6RN.1DLE 

H06E 

N-90B 

64.60 

0-90 

80.20 

N-45B 

65.60 

0-45 

82.50 

N-OB 

64.60 

o-o 

82.80 

N-315B 

66.60 

0-315 

84.20 

N-270B 

64.10 

0-270 

82.70 

N-225B 

61.20 

0-225 

86.20 

N-180B 

58.70 

0-180 

86.10 

N-135B 

66.20 

0-135 

86.40 

GRN.IDLE 

HOGE 

N-90B 

68.10 

0-90 

89.10 

N-45B 

69.60 

0-45 

91.00 

N-OB 

65.60 

0-0 

84.80 

N-315B 

69.70 

0-315 

87.40 

N-270 B 

70.90 

0-270 

86.30 

N-225B 

74.10 

0-225 

85.90 

N-180B 

67.20 

0-180 

88.80 

N-135B 

69.90 

0-135 

90.60 

APPENDIX  E 


Cockpit  Instrument  Photo  Data 


During  each  event  of  the  July  1983  Helicopter  Noise  Measurement  program 
cockpit  photos  were  taken.  The  slides  were  projected  onto  a  screen 
(considerably  enlarged)  making  it  possible  to  read  the  instruments  with 
reasonable  accuracy.  The  photos  were  supposed  to  be  taken  when  the 
aircraft  was  directly  over  the  centerline-center  microphone  site. 

Although  this  was  not  achieved  in  each  case  the  cockpit  photos  reflect  the 
helicopter  "stabilized"  configuration  during  the  test  event.  One 
important  caution  is  necessary  in  interpreting  the  photographic 
information;  the  snapshot  freezes  instrument  readings  at  one  moment  of 
time  whereas  most  readings  are  constantly  changing  by  a  small  amount  as 
the  pilot  "hunts”  for  the  reference  condition.  Thus  fluctuations  above  or 
below  reference  conditions  are  to  be  anticipated.  The  instrument  readings 
are  most  useful  in  terms  of  verifying  the  region  of  operation  for 
different  parameters.  The  data  acquisition  is  discussed  in  Section  5.3 


Each  table  within  this  appendix  provides  the  following  information: 

Event  No.  This  event  number  along  with  the  test  date  provides 

a  cross  reference  to  other  data. 


Event  Type 


This  specifies  the  event. 


Time  of  Photo  The  time  of  the  range  control  synchronized  clock 
consistent  with  acoustical  and  tracking  time 
bases. 

Heading  The  compass  magnetic  heading  which  fluctuates 

around  the  target  heading. 


Altimeter 


Specifies  the  barometric  altimeter  reading,  one  of 
the  more  stable  indicators. 


IAS 

Rotor  Speed 

Torque 


Indicated  airspeed,  a  fairly  stable  indicator. 

Main  Rotor  speed  in  RPM  or  percent,  a  very  stable 
indicator. 

The  torque  on  the  main  rotor  shaft,  a  fairly  stable 
value. 
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APPENDIX  F 


Photo-Altitude  and  Flight  Path  Trajectory  Data 

This  appendix  contains  the  results  of  the  photo-altitude  and  flight  path 
trajectory  analysis. 

The  helicopter  altitude  over  a  given  microphone  was  determined  by  a 
photographic  technique  which  involves  photographing  an  aircraft  during  a 
flyover  event  and  proportionally  scaling  the  resulting  image  with  the 
known  dimensions  of  the  aircraft.  The  data  acquisition  is  described  in 
detail  in  Section  5.2.  The  detailed  data  reduction  procedures  is  set  out 
in  Section  6.2.1;  the  analysis  of  these  data  is  discussed  in  Section  8.2 

Each  table  within  this  appendix  provides  the  following  information: 

Event  No.  the  test  run  number 

Est.  Alt.  estimated  altitude  above  microphone  site 

P-Alt.  altitude  above  photo  site,  determined  by 

photographic  technique 

Est.  CPA  estimated  closest  point  of  approach  to  microphone 

site 

Est.  ANG  Helicopter  elevation  with  respect  to  the  ground  as 

viewed  from  a  sideline  site  as  the  helicopter 
passes  through  a  plane  perpendicular  to  the  flight 
track  and  coincident  with  the  observer  location. 

ANG  5-1  flight  path  slope,  expressed  in  degrees,  between 

P-Alt  site  5  and  P-Alt  site  1. 

ANG  1-4  flight  path  slope,  expressed  in  degrees,  between 

P-Alt  Site  1  and  P-Alt  Site  4. 

ANG  5-4  flight  path  slope,  expressed  in  degrees,  between 

P-Alt  Site  5  and  P-Alt  Site  4. 

flight  path  slope,  expressed  in  degress,  of 
regression  line  through  P-Alt  data  points. 


Reg  C/D  Angle 


TABLE  F.l 


HELICOPTER:  BOE1NG-VERTOL  CH-47D 
TEST  OATE:  7-12-83 

OPERATION:  500  FT. ICAO  FLYOVER/TARGET  IA8=135  KTS 


C:  TERLINE  SIDELINE 


NIC  45 

NIC  41 

HIC  114 

NIC  42 

NIC  13 

RE6. 

EST. 

EST. 

EST. 

EST. 

ELEV 

EST. 

ELEV 

ANG 

ANG 

ANG 

C/D 

EVENT  NO 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

CPA 

AN6 

CPA 

ANG 

5-1 

1-4 

5-4 

ANGLE 

A1 

499.8 

500.7 

525.5 

509.9 

546 

548.2 

719.9 

46.9 

717.5 

47 

1.1 

4.5 

2.8 

2.4 

m2 

533.1 

518.1 

536.8 

568.7 

539.7 

521 

728.1 

47.5 

727.8 

47.5 

5.9 

-5.4 

.2 

.3 

A3 

525.7 

525.9 

515.2 

520.2 

506.9 

506.8 

712.4 

46.3 

713.4 

46.3 

-.6 

-1.5 

-1 

-.9 

A4 

524.7 

525.5 

516.9 

519.3 

510.7 

511.4 

713.7 

46.4 

714.4 

46.4 

-.6 

-.8 

-.7 

-.6 

A5 

531.6 

530 

530 

534.3 

528.7 

526.7 

723.1 

47,1 

723.3 

47.1 

.5 

-.8 

-.1 

0 

A6 

560.8 

557.4 

569.5 

572.6 

576.5 

572.6 

752.6 

49.2 

751.8 

49.2 

1.8 

0 

.9 

.8 

AVERAGE 

529.3 

526.3 

532.3 

537.5 

534.8 

531.1 

725 

47.2 

724.7 

47.3 

STD.  db; 

19.6 

18.5 

19.9 

26.9 

25.6 

25 

14.7 

1.1 

14.4 

1.1 

TABLE  F.2 

HELICOPTER:  BOEING-VERTOL  CH-47D 

TEST  DATE: 

7-12-83 

OPERATION: 

500  FT.NILITARY  FLYOVER/TARGET  IAS=135  KTS 

CENTERLINE 

SIDELINE 

NIC  *5 

NIC  41 

NIC  *4 

NIC  42 

NIC  43 

REG. 

EST. 

EST. 

EST. 

EST. 

ELEV 

EST. 

ELEV 

MG 

MG 

MG 

C/D 

FUFMT  Nfl 

AIT. 

P-ALT. 

AIT. 

P-AI.T . 

ALT. 

P-ALT. 

CPA 

ANA 

tpa 

s-i 

1  -A 

5-4 

MGLE 

B7 

486.8 

484.1 

484.1 

491.5 

481.9 

478.5 

690.2 

44.5 

690.5 

44.5 

.9 

-1.4 

-.2 

-.1 

B8 

524.5 

523.4 

531 

530 

536.2 

535.1 

723.9 

47.2 

723.3 

47.2 

.8 

.6 

.7 

.6 

B9 

505.9 

504.5 

506.1 

509.1 

506.2 

504.5 

705.8 

45.8 

705.8 

45.8 

.5 

-.4 

0 

0 

BIO 

504.1 

501.8 

513.9 

513.8 

521.7 

519.3 

711.4 

46.2 

710.5 

46.3 

1.4 

.6 

1 

.9 

AVERAGE 

505.3 

503.5 

508.8 

511.1 

511.5 

509.4 

707.8 

45.9 

707.5 

46 

STD.  DEV 

15.4 

16.1 

19.5 

15.8 

23.2 

24.1 

14 

1.1 

13.6 

1.1 

TABLE  F.3 


HELICOPTER!  BOE1NG-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT. FLYOVER/TARGET  1AS=135  KTS 

CENTERLINE  SIDELINE 

NIC  115  NIC  «1  NIC  14  NIC  12  NIC  «3  REG. 


EST. 

EST. 

EST. 

EST. 

ELEV 

EST. 

ELEV 

ANG 

ANG 

ANG 

C/D 

EVENT  NO 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

CPA 

ANG 

CPA 

ANG 

5-1 

1-4 

5-4 

ANGLE 

Cll 

518.3 

518.9 

509.9 

513 

503.3 

503.7 

708.6 

46 

709.4 

44 

-.6 

-1 

-.8 

-.7 

CM 

U 

604.9  633.992 

534.3 

511.4 

474.5 

507.5 

726.3 

47.4 

733.2 

47.1 

-13.9 

-.4 

-7.2 

-6.6 

C13 

485.4 

484.1 

483.7 

487.4 

482.3 

480.6 

490 

44.5 

690.1 

44.5 

.4 

-.7 

-.1 

-.1 

C14 

511.2 

513.4 

510.7 

506 

510.3 

513 

709.1 

46.1 

709.2 

46.1 

-.8 

.8 

0 

0 

AVERAGE 

530.4 

537.6 

509.7 

504.5 

493.1 

501.2 

708.5 

46 

710.5 

45.9 

STD.  DEV 

52.9 

66.1 

20.7 

11.7 

16.2 

14.3 

14.8 

1.2 

17.6 

1.1 

TABLE  F.4 

HELICOPTER!  BOE1NG-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  500  FT .FLYOMER/TARGET  1AS=120  KTS 


CENTERLINE  SIDELINE 


NIC  *5 

NIC  #1 

NIC  *4 

NIC  *2 

NIC  #3 

RET. 

EST. 

F.ST. 

EST. 

EST. 

ELEV 

EST. 

ELEV 

ANG 

ANG 

ANG 

C/D 

EVENT  NO 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

CPA 

MG 

CPA 

ANG 

5-1 

1-4 

5-4 

ANGLE 

D15 

476.7 

479.6 

476.4 

469.9 

476.2 

479.9 

684.9 

44.1 

684.9 

44.1 

-1 

1.2 

U 

0 

D16 

496 

494.8 

498.6 

500 

500.6 

499.2 

700.5 

45,4 

700.2 

45.4 

.6 

0 

.3 

.2 

D17 

487.7 

480.6 

497.6 

508.3 

505.5 

497 

699.7 

45.3 

698.8 

45.4 

3.2 

-1.2 

1 

.9 

D18 

487.1 

489 

490 

484.1 

492.3 

494.8 

694.4 

44.9 

694.1 

44.9 

-.5 

1.2 

.3 

.3 

D19 

487.8 

489 

473.7 

478.5 

462.4 

463.3 

683 

43.9 

684.2 

43.8 

-1.1 

-1.7 

-1.4 

-1.2 

AVERAGE 

487.1 

486.6 

487.2 

488.2 

487.4 

486.8 

692.5 

44.7 

692.5 

44.7 

STD.  DEV 

6.9 

6.4 

11.7 

15.- 

17.9 

15.2 

8.2 

.7 

7.6 

.7 

TABLE  F.5 


HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  '  500  FT. FLYOVER/TARGET  IAS=105  KTS 


CENTERLINE 

SIDELINE 

MIC  15 

MIC  #1 

MIC  *4 

MIC  12 

MIC  #3 

REG. 

EST. 

EST. 

El 

EST. 

ELEV 

EST. 

ELP7 

ANG 

AN  G 

ANG 

C-D 

EVENT  NO 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

CPA 

ANG 

CPA 

MG 

5-1 

1-4 

5-4 

aNGlE 

£20 

414.2 

417.1 

418.4 

409.5 

421.7 

425.6 

645.8 

40.4 

645.5 

40.4 

-.8 

1.9 

.5 

,4 

E21 

517.9 

518.5 

507.3 

511.4 

498.8 

499.2 

706.7 

45.9 

707.6 

45.8 

—  7 

-1.3 

-j 

E22 

519. B 

521.8 

526.4 

518.5 

531.6 

534.3 

720.5 

46.9 

719.9 

47 

-.3 

1.8 

,7 

.6 

E23 

525.6 

523.8 

524.4 

529.2 

523.4 

521 

719.1 

46  8 

719.2 

46.8 

-.6 

-.9 

-.1 

0 

E24 

535.7 

.531.7 

545.2 

549.1 

552.8 

548.2 

734.4 

47.9 

733.5 

48 

2 

0 

1 

,9 

E25 

545.2 

NA 

522.2 

525.9 

503.8 

507.5 

717.4 

46.7 

716.2 

to 

to 

-2 

NA 

-2 

AVERAGE 

509.7 

502.6 

507.3 

507,3 

505.3 

506 

707.3 

45.8 

707 

45.6 

STD.  DEV 

47.9 

48 

45.2 

49.6 

45.4 

43.2 

31.4 

2,7 

31.3 

3 

TABLE  F.6 

HELICOPTER:  BOEING-VERTOL  CH-47D 

TEST  DATE: 

7-12-83 

OPERATION: 

1000  FT. FLYOVER/TARGET  1AS=135  KTS 

CENTERLINE 

SIDELINE 

MIC  1*5 

MIC  #1 

MIC  04 

MIC  02 

MIC  03 

REG, 

PAT, 

EST. 

EST . 

tbl . 

LLfcV 

tbl. 

tLEV 

ANG 

MG 

ANG 

uD 

EVENT  NO 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

CPA 

MG 

CPA 

ANG 

5-1 

1-4 

5-4 

ANGLE 

F26 

932.8 

931.4 

939.9 

938.5 

947 

W 

1060.9 

62.4 

1061.5 

NA 

.8 

NA 

to 

.8 

F2/ 

909.5 

910.9 

902.8 

904.2 

896.1 

W 

1028.2 

61.4 

1027.6 

to 

-.7 

NA 

to 

-j 

F28 

957.3 

960.3 

942.6 

945.6 

927.9 

rw 

1063.3 

62.4 

1062.1 

to 

-1.6 

NA 

to 

-1.6 

F29 

944.2 

945.6 

937.1 

938.5 

930 

w 

1058,4 

62.3 

1057.8 

to 

-.7 

to 

to 

_  i 
•  / 

AVERAGE 

936 

937.1 

930.6 

931.7 

925.3 

ERROR 

1052.7 

62.1 

1052.3 

ERROR 

STD.  DEV 

20.3 

21.1 

18.7 

18.6 

21.2 

0 

16.5 

.5 

16.5 

ERROR 

TABLE  F.;; 


HELICOPTER:  BOEING-VERTOL  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  ICAO  TAKEOFF/TARGET  IAS=85  KTS 


CENTERLINE  SIDELINE 


NIC  15 

MIC  «1 

NIC  84 

MIC  82 

.  1C  83 

REG. 

EST. 

EST. 

EST. 

EST. 

ELEV 

EST. 

ELEV 

ANG 

MG 

ANG 

C/D 

EVENT  NO 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

CPA 

AN6 

CPA 

ANG 

5-1 

1-4 

5-4 

ANGLE 

GAO 

282.1 

257.3 

387.1 

387.7 

470.8 

444 

626 

38.2 

617.8 

38.8 

14.8 

6.5 

10.7 

9.7 

641 

25* 

241.4 

368.3 

34^.5 

456.3 

440.1 

614.6 

34.8 

606.2 

37.4 

12.2 

10.7 

11.4 

10.2 

642 

21.  . 

194.4 

305.6 

293.5 

381 

363.9 

579.2 

31.8 

572.9 

32.4 

11.4 

8.1 

9.8 

8.8 

G43 

251.8 

233.5 

371 

349.5 

466.1 

448 

616.2 

37 

607.2 

37.7 

13.3 

11.3 

12.3 

11.1 

G44 

1*16.6 

142.9 

253.7 

233.5 

331.1 

317.9 

553.6 

27.3 

548 

27.9 

10.4 

9.7 

10.1 

9 

G45 

io„.4 

.71.1 

267.7 

250.9 

334.9 

323 

560.1 

28.6 

555 

29.1 

9.2 

8.3 

8.8 

7.8 

AVERAGE 

223.8 

2F4.8 

325.6 

310.4 

406.7 

389.5 

591.6 

33.3 

584.5 

33.9 

STD.  DEV 

48.3 

14.7 

57.6 

61 

65.8 

61.9 

31.3 

4.7 

29.8 

4.7 

TABLE  F  ,8 

HELICOPTER:  BOEING-VERTOL  CH-470 

TEST  DATE: 

7  .2-83 

OPERATION: 

ICAO  APPROACH/TARGET  IAS=85  KTS 

CENTERLINE 

SIDELINE 

NIC  85 

NIC  81 

NIC  84 

NIC  82 

NIC  83 

REG. 

EST. 

F^. 

EST. 

EST. 

ELEV 

EST. 

ELEV 

MG 

MG 

MG 

C/D 

EVENT  NO 

ALT. 

P-ALT- 

n*.  1 

F-Ar. 

ALT. 

P-ALT. 

CPA 

MG 

CPA 

MG 

5-1 

1-4 

5-4 

MGLE 

H30 

348.9 

335.9 

43C.2 

416.5 

495.1 

482.2 

653.6 

41.2 

646.8 

41.6 

9,3 

7.6 

8.5 

7,6 

H3’ 

372.7 

358.9 

445.5 

438.2 

503.6 

489.3 

663.7 

42.2 

657.5 

42.5 

9.2 

5.9 

7.5 

6.8 

H3t 

352.9 

341.6 

422.5 

411.4 

478 

466.6 

648.5 

40.7 

642.7 

41 

8.1 

6.4 

7.2 

6.5 

H33 

358.7 

343.6 

438.8 

430.7 

502.6 

486.9 

6q,.2 

41.7 

652.5 

42.1 

10 

6.5 

8.3 

7.4 

K34 

316.3 

305.4 

409.1 

384.7 

483 

473.2 

639.8 

39.7 

632.3 

40.2 

9.2 

10.2 

9.7 

8.6 

H35 

360.2 

349.5 

439.1 

421.7 

501.9 

491.7 

659.4 

41.7 

652.7 

42. i 

8.3 

8.1 

8.2 

7.3 

-F.'ERAGE 

351.6 

339.2 

430.9 

417.2 

594 

481.7 

654 

41.2 

647.4 

41.6 

s:o.  DEV 

19.1 

18.3 

13.3 

18.6 

11 

9.9 

8.7 

.9 

9 

.9 

TABLE  F.9 


HELICOPTER:  B0E1NG-VERT0L  CH-47D 
TEST  DATE:  7-12-83 

OPERATION:  MILITARY  APPROACH/TARGET  1AS=70  KTS 


CENTERLINE 

MIC  *5  MIC  *1  MIC  14 


EVENT  NO 

EST. 

ALT. 

P-ALT. 

EST. 

ALT. 

P-ALT. 

EST. 

ALT. 

P-ALT. 

136 

373.3 

357.8 

461.9 

450 

532.6 

516.9 

137 

36S 

349.5 

453.9 

442 

524.8 

509 

138 

374.9 

357.8 

465.2 

456 

537.2 

519.5 

139 

379.3 

365.4 

453.9 

44* 

513.4 

49? 

AVERAGE 

373.1 

357.6 

458.7 

448.5 

527 

511.1 

'70.  DEV 

6 

6.5 

5.7 

6 

10  4 

9.2 

TABLE  F.lfl 

HELICOPTER:  BOEING-VERTOL  CH-470 

TEST  DATE:  7-12-83 

OPERATION:  TAKEOFF/TARGET  IAS=85  *T3 

CENTERLINE 

MIC  #5  MIC  #1  MIC  44 


EVENT  NO 

EST. 

ALT. 

P-ALT. 

EST. 

ALT. 

P-ALT. 

EST. 

ALT. 

P-ALT. 

J47 

6/4.2 

671 

737.9 

711.4 

788  7 

787.4 

J49 

607.4 

595.4 

671.2 

664.5 

722  2 

709.8 

J51 

495.7 

491.6 

623.2 

565.1 

724  9 

725.1 

AVERAGE 

592.4 

586 

677.5 

647 

745.3 

740.8 

STD.  DEV 

90.2 

90.1 

57.6 

74.7 

37.7 

41.1 

SIDELINE 


MIC  82 

MIC  83 

REG. 

EST. 

ELEV 

EST. 

ELEV 

ANG 

ANG 

ANG 

C/D 

CPA 

AN6 

CPA 

ANG 

5-1 

1-4 

5-4 

ANGLE 

674.9 

43.2 

667.1 

43.6 

10.6 

7.7 

9.2 

8.2 

669.4 

42.7 

661.7 

43.1 

10.6 

7.8 

9.2 

8.3 

677.1 

43.4 

669.2 

43.8 

11.3 

7.4 

9.3 

8.4 

669.4 

42.7 

663 

43 

9.3 

6.1 

7.7 

6.9 

672.7 

43 

it.  3 

43.4 

3.9 

.4 

„.5 

.4 

SIDELINE 

MIC  *2 

MIC  83 

REG. 

EST. 

ELEV 

EST. 

ELEV 

ANG 

ANG 

ANG 

C/D 

CPA 

ANG 

CPA 

ANG 

5-1 

1-4 

2-4 

ANGLE 

886.9 

56.3 

8B0.1 

56.5 

4.7 

8.8 

6.7 

5.9 

832.2 

53  " 

825.7 

54 

8 

5.3 

6.6 

5.9 

794 

51.7 

781.3 

52.1 

8.5 

18 

13.3 

11.8 

837.7 

53.9 

829 

54.2 

46.7 

2.3 

49.5 

2.2 

TABLE  F.ll 


Hfcu*  COPTER:  BOEING-VERTGL  CH-47D 
TEST  DATE:  7-12-83 

OPERATIONS  APPROACH/TARGET  IAS=100  KTS 


CENTERLINE  SIDELINE 


I11C  «5 

NIC  «1 

NIC  #4 

NIC  <2 

NIC  13 

RE6. 

EST. 

EST. 

EST. 

EST. 

ELEV 

EST. 

ELEV 

ANG 

ANG 

ANG 

C/D 

EVENT  NO 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

CPA 

ANG 

CPA 

AN6 

5-1 

1-4 

5-4 

ANGLE 

K46 

414.3 

406.2 

454.3 

451.3 

486.1 

477.7 

669.6 

42.7 

666.2 

42.9 

5.2 

3.1 

4.2 

3.7 

K48 

420.9 

415.6 

467 

454.6 

503.7 

499 

678.3 

43.5 

674.3 

43.7 

4.5 

5.2 

4.8 

4.3 

K50 

415.9 

410 

462.5 

451.3 

499.6 

494.1 

675.2 

43.2 

671.2 

43.4 

4.8 

5 

4.9 

4.3 

K52 

408.9 

403.1 

443.2 

438.3 

470.4 

464.5 

662.2 

42 

659.2 

42.2 

4.1 

3 

3.6 

3.2 

AVERAGE 

415 

408.7 

456.7 

448.9 

490 

483.8 

671.3 

42.9 

667.7 

43.1 

STD.  DEV 

4.9 

5.4 

10.5 

7.2 

15 

15.8 

7.1 

.7 

6.6 

.7 

TABLE  F.12 

HELICOPTER;  BOEING-VERTOL  CH-47D 
TEST  DATE;  7-12-83 

OPERATION:  MILITARY  TAKEOFF/TARGET  IAS=?0  KTS 


CENTERLINE 

SIDELINE 

MIC  #5 

MIC  11 

NIC  84 

MIC  #2 

MIC  83 

REG. 

EST. 

EST. 

EST. 

EST. 

ELEV 

EST. 

ELEV 

ANG 

ANG 

ANG 

C/D 

EVENT  NO 

ALT.  P-ALT. 

ALT. 

P-ALT. 

ALT. 

P-ALT. 

CPA 

ANG 

CPA 

ANG 

5-1 

1-4 

5-4 

ANGLE 

L53 

264.6  254.637 

345 

325.1 

409.2 

400 

600.9 

35 

595.1 

35.5 

8.2 

8.7 

8.4 

7.5 

L54 

286.3  276.273 

359.6 

343.6 

418.1 

408.5 

609.4 

36.2 

603.9 

36.6 

7.8 

7.5 

7.7 

6.8 

L55 

278.7  W 

338.3 

329.6 

385.8 

376.1 

597.1 

34.5 

599.6 

NA 

NA 

5.5 

NA 

5.5 

AVERAGE 

276.5  265.5 

347.6 

332.4 

404.3 

394.9 

602.5 

35.2 

599.5 

36.1 

STD.  DP' 

11  15.3 

10.9 

9.8 

16.7 

16.8 

6.3 

.9 

4.4 

.8 

APPENDIX  G 


NWS  Upper  Air  Meteorological  Data 


This  appendix  presents  a  summary  of  meteorological  data  gleaned  from 
National  Weather  Service  radiosonde  (rawinsonde)  weather  balloon 
ascensions  conducted  at  Sterling,  VA.  The  data  collection  is  further 
described  in  Section  5.4.  Tables  are  identified  by  launch  date  and  launch 
time.  Within  each  table  the  following  data  are  provided: 


Time 

Surface  Height 

Height 

Pressure 

Temperature 

Relative 

Humidity 

Wind  Direction 


expressed  first  in  Eastern  Standard,  then  in 
Eastern  Daylight  Time 

height  of  launch  point  with  respect  to  sea  level 
height  above  ground  level,  expressed  in  feet 
expressed  In  millibars 
expressed  in  degrees  centigrade 
expressed  as  a  percent 

the  direction  from  which  the  wind  is  blowing 
(in  degrees) 


Wind  Speed 


expressed  in  knots 
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APPENDIX  II 

NWS  -  1AD  Surface  Meteorological  Data 

This  appendix  presents  a  summary  of  meteorological  data  gleaned  from 
measurements  conducted  by  the  National  Weather  Service  Station  at  Dulles. 
Readings  were  noted  evey  15  minutes  during  the  test.  The  data  acquisition 
is  described  in  Section  5.5. 

Within  each  table  the  following  data  are  provided: 

Time(EDT)  tine  the  measurement  was  taken,  expressed  in 

Eastern  Daylight  Time 

Barometric  expresc-d  in  inches  of  mercury 

pressure 

Temperature  expressed  in  degrees  Fahrenheit  and  centigrade 

Humidity  relative,  expressed  as  a  percent 

Wind  Speed  expressed  in  knots 

Wind  Direction  direction  from  which  the  wind  is  moving 


*Sensors  located  approximately  2  miles  east  of  measurement  array 
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APPENDIX  I 


On-Site  Meteorological  Data 

This  appendix  presents  a  summary  of  meteorological  data  collected  on-site 
by  TSC  personnel  using  a  climatronics  model  EWS  weather  system.  The 
anemometer  and  temperature  sensor  were  located  5  feet  above  ground  level 
at  noise  site  4.  The  data  collection  is  further  described  in  Section  5.5. 

Within  each  table,  the  following  data  are  provided: 

Tlme(EDT)  expressed  in  Eastern  Daylight  Time 

Temperature  expressed  in  degrees  Fahrenheit  and  centigrade 

Humidity  expressed  as  a  percent 

Windspeed  expressed  in  knots 

Wind  Direction  direction  from  which  the  wind  is  blowing 
Remarks  observations  concerning  cloud  cover  and  visibility 
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